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FOREWORD 
At the present time, climate change is affecting every human being around the globe. 
In 2003, scientist has explained that even with the best scenario the summer Arctic 
ice would be gone by 2070.  Even though this information had not concerned most of 
the authorities, recently it is told that this melt down may occur in less than a decade. 
This is a common example to divulge the impacts of climate change. 
When the issue comes to climate change and its impacts, people are divided into two 
groups. The first group still disregards the scientific facts and doesn’t show any 
concern about climate change since it’s not happening in a split second, but 
occurring rather gradually. These are effortless in their energy prodigality, 
constructing tallest buildings in the world and destroying nature. On the other hand, 
the second group includes people that are left their residencies because of climate 
change, aware of climate change and its results. 
It is extremely important to reduce greenhouse gas emissions and to adapt the climate 
change to prevent climate chaos. It was just yesterday; a hurricane activity had seen 
in Istanbul, Turkey and resulted with injured thirty-two people. Every single day 
extreme weather event number is increasing around the world. If authorities persist in 
not taking necessary precautions and inform community about climate change 
impacts and how to adapt to climate change, these kinds of incidents will prolong 
increasing. 
There is a lot can be achieved with technology, new advances in design and 
readjusting priorities. As a landscape architect and resident of Istanbul, I am not only 
concerned about merely my city and today. The future of cities and natural areas are 
in danger and there are only a few are concerned about what is to come. Cities cannot 
be green and resilient unless they are inviting places to walk, bike, ride transit, 
embrace greenhouse gas reduction strategies and adapt to unavoidable climate 
change. 
Along with this thesis, climate change and its impacts, importance of becoming a 
resilient city and adapting to climate change is researched. The case study is based on 
city of Chicago because Chicago is well-planned city that encountered negative 
effects of industrial era, and now trying to become greener and resilient, which can 
set an example for many cities. 
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RESILIENT CITIES AND ADAPTATION 
CASE STUDY: CHICAGO METROPOLITAN AREA 
ABSTRACT 
Since cities formed, they have been destroyed through out history, either by man or 
nature. But they were always rebuilt and rebounded. After about 1800, such 
resilience became a nearly universal fact of urban settlement around world. 
Urban disaster takes many forms and can be categorized in many ways like scale of 
destruction, human troll, natural disasters and etc. because of these kinds of disasters 
our cities need to be resilient and need to adapt upcoming conditions. 
Although there are many different form of disasters this study is more concerned 
about the ones that are caused by humans and that can be prevented or at least with 
the ones which we still can do something about. In other words this study is about 
importance of resilient cities and adapting our cities to the future.  
Buildings, landscapes, infrastructure, and even entire cities can be designed to be 
more resilient to climate change and environmental changes. A few policy makers 
and designers are now applying improvements, figuring out ways to leverage 
existing systems to serve multiple purposes, learning from previous mistakes and 
adapting. 
At the urban scale, it is decisive for cities to focus on increasing their resiliency. 
Resilient cities are prescient and prepare for the future. While becoming resilient, 
there are few issues that come forward; handling climate change, reducing fossil fuel 
dependency and increasing adaptive capacity. 
Promoting environmentally sustainable design, improving cooperation with local and 
national authorities; systemizing joined disciplinary research around critical 
environmental, social, and economic challenges are important goals towards 
resiliency. 
While studying resilience and adaptation, Chicago Metropolitan Area will be the 
case study. Chicago’s main struggle has begun with the Great Fire in 1871, and 
followed with Great Depression in 1930 and World War II effects. The issue still 
continues with problems that are caused by people’s modern lifestyle like heat 
islands or greenhouse emission. In the United States of America, Chicago has the 
most detailed and strategic climate action plan. 
This thesis researches about energy efficient buildings, clean and renewable energy 
resources, improved transportation options, reduced waste and industrial pollution 
and adapting to new conditions so that cities can be sustainable and their residents 
can continue their urban life without extreme shocks and stresses. 
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For more than fifteen years Chicago has been promoting the transformation into an 
environmentally friendly city. From green roofs to recycling, Chicago continues to 
take steps toward resiliency against climate change. Currently, not only the local 
government but also the business communities and residents at large have engaged in 
a multitude of key partnerships to combine city’s efforts to support the future goal. 
Scientists, businesses and governments around the world are in agreement: climate 
change is one of the most serious issues facing the Earth today. Greenhouse gas 
emissions come from both natural and human sources. In the last 50 years, levels of 
carbon dioxide in the atmosphere have risen 25 percent; levels of methane, an even 
more potent greenhouse gas, have more than doubled. Because of these increases in 
heat-trapping gases, under a high-emissions scenario, recent predictions show that by 
the end of the century, annual average temperature could increase up to four degrees 
Celsius. 
If a residence or a landscape is being designed and it is been expected to be live in 30 
years from now, it cannot base on the needs of recent era. When cities build 
infrastructure, or make new urban developments; these structures will be serving to 
community for a long period. Since, urban places and systems need to be designed so 
that they will be function many years from now, they have to fulfill the requirements 
of the future conditions and needs. If cities and communities do not become resilient 
and be able to adapt staring now; it will not only be the waste of financial sources but 
also the nature and human lives will be compromised. 
Even though this thesis is based on Chicago Metropolitan Area, it can be adapt on a 
larger scale since climate change continues to be one of the most curial global threat 
for future. Developed countries started to take action against climate change and they 
are developing strategies that can be applied by even developing countries. Turkey is 
a young and developing country, and those strategies can be used as a road map to 
strength our cities against incoming climate change. 
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KENDİNİ YENİLEYEBİLEN VE YENİ KOŞULLARA UYUM 
SAĞLAYABİLEN KENTLER: 
ŞİKAGO ÖRNEĞİ 
 
ÖZET 
Her ne kadar nasıl bir antik yerleşimin şehir olarak kabul edilip edilmeyeceği 
konusunda farklı görüşler olsa da, şehirlerin geçmişi oldukça eskiye dayanmaktadır. 
Şehirler, her türlü imkan ve etkileşimi içinde yaşayanların faydalanabileceği şekilde 
barındıran ticaret merkezleri olarak şekil almaya başlamışlardır. 
Şehirler oluşmaya başladıklarından beri gerek doğa tarafından gerekse insanlar 
tarafından tahrip edilmişler ama sonunda her zaman yeniden inşa edilerek eski 
durumlarına ulaşmışlardır. 1800’lü yıllar sonrasında, bu gibi koşullara karşı esneklik 
ve direnç kentsel yerleşimin dünya genelinde kabul edilen bir gerçeği haline 
gelmiştir. 
Kentsel afetler birçok farklı şekilde gerçekleşebilmektedir ve yıkımın boyutu, 
insanlar üzerindeki etkisi ya da doğal sebeplerden kaynaklanmış olmaları gibi 
başlıklar altında farklı kategorilere ayrılabilirler. Şehirler bu tip yıkımlara karşı 
güçlü, esnek ve gelişen yeni koşullara uyum sağlayabilecek durumda olmalıdırlar. 
Şehirlerdeki yıkımlara sebep olan afetler birçok farklı sebebe dayanabilmektedir, 
ancak bu çalışma daha çok insanların sebep olduğu ve önlenebilecek ya da en 
azından etkisi azaltılabilecek olan tehlikeler üzerine odaklanmıştır. Başka bir şekilde 
ifade etmek gerekirse, bu çalışmanın ana konusu dirençli ve gelecekteki koşullara 
uyum sağlayabilek şehirler üzerinedir. 
Yapılar, açık alanlar, altyapılar ve hatta şehirlerin tamamı bile iklim ve diğer çevresel 
değişikliklere karşı dirençli duruma gelebilirler. Bazı yetkili otoriteler ve tasarımcılar 
yeni gelişmeleri çalışmalarının bir parçası haline getirmeye başladılar, mevcut 
sistemleri sürdürülebilir sistemlere çevirmek ve birden fazla işlev yüklemek, geçmiş 
hatalardan dersler çıkarıp geleceğe uyum sağlamak için çalışmaktalar. 
Duruma kentsel ölçekte bakıldığı zaman, şehirlerin iklim değişikliğine karşı dirençli 
olması ve oluşacak yeni koşullara uyum sağlamaya odaklanması oldukça önemlidir. 
Dirençli şehirler, öngörülü hareket edip gelecek için kendilerini hazırlayabilirler. Bir 
şehirin gelecekte oluşacak koşullaraya uygun duruma getirilmesinde bazı noktalar 
öne çıkmaktadır. Bunlar, iklim değişiminin üstesinden gelebilmek, fosil yakıtlarına 
olan bağlılığı düşürmek ve şehirlerin adaptasyon kapasitesini yükseltmektir. 
Sürdürülebilir çevresel tasarımı teşvik etmek, yerel ve ulusal yetkililer ile birlikte 
hareket etmeyi geliştirmek, farklı meslek disiplinlerinin çevresel, sosyal ve ekonomik 
sorunlara karşı ortak çalışması için uygun bir ortam hazırlamak dirençli olma 
yolunda önemli adımlardır. 
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Kendini yenileyebilen ve yeni koşullara uyum sağlayabilen şehirler ile ilgili 
araştırmada örnek inceleme alanı olarak Şikago şehri seçilmiştir. Şikago 1871 yılında 
büyük bir yangın ile neredeyse tamamen yok olmuş, sonrasında da 1930’lu yıllardaki 
büyük depresyon ve onu izleyen 2. Dünya Savaşı ile sarsılmıştır. Günümüzde ise, 
birçok şehir gibi, modern yaşam koşullarının beraberinde getirdiği ısı adaları, sera 
gazı emisyonu gibi büyük sorunlar ile karşı karşıyadır. 
Bu tez araştırması ile enerji tasarruflu binalar, temiz ve yenilenebilir enerji 
kaynakları, gelişmiş ulaşım seçenekleri ve azaltılmış atık ve sanayi kirliliğinin 
şehirler üzerindeki etkisi incelenecektir. 
Buna ek olarak, bu araştırma ile şehirlerin sürdürülebilir olması ve şehirlerde 
yaşayan insanların büyük şoklar ve stresler karşısında büyük farklılıklar ile 
karşılaşmadan hayatlarına devam etmeleri için gereken yeni koşullara uyum sağlama 
yolları ele alınacaktır. 
Onbeş yıldan uzun süredir Şikago çevreye duyarlı bir şehir olma yolunda bir 
dönüşümü destekliyor. Çatı bahçelerinden geri dönüşüme, Şikago iklim değişimine 
karşı dayanıklı bir şehir olmak için adımlar atmaya devam ediyor. Şu an geldikleri 
noktada, sadece yerel yönetim değil, ticari kurumlar ve halkın da büyük bir kısmı 
şehirin bu amacına destek veriyor. 
Dünya genelinde bilim insanları, ticari işletmeler ve idari birimler ortak bir noktaya 
vardılar: Dünya’nın bugün karşı karşıya olduğu en büyük sorunlardan birisini iklim 
değişimi oluşturuyor. Sera gazı emisyonu hem doğal sebeplerden, hem de 
insanlardan kaynaklanıyor. Son elli yıl içinde, atmosferdeki karbon diosit oranı 
yüzde 25 artış gösterdi; metan ve diğer sera gazlarının oranı ikiye katlanmış 
durumda. Isıyı hapseden bu gazların artması sonucunda, geliştirilen farklı bilimsel 
senaryolardan en kötüsü, sera gazı emisyonunun bu değerlerde devam etmesi 
durumunda, içinde bulunduğumuz yüzyılın sonuna kadar yıllık sıcaklıklar dört 
dereceye kadar artış gösterebilir. 
Eğer bir yapının veya çevre düzenlemesinin gelecekteki 30 yıl süresince de ayakta 
kalması isteniyorsa, bu tasarımlar sadece günümüzün ihtiyaçlarına bağlı kalarak 
oluşturulamaz. Şehirler altyapılarını oluştururken veya yenilerken, yeni kentsel 
planlar oluştururken, bu yapıların uzun bir sure boyunca hizmet edeceğini göz 
önünde bulundurmak gerekir. Bu sebepten dolayı, yeni planlamalar yapılırken 
gelecekte oluşacak koşullar ve ihtiyaçlar dikkate alınmalıdır. Eğer şehirler ve 
toplumlar şimdi dirençli ve geleceğe uyum sağlayacak hale gelmezler ise, sonuçta 
kaybedilecek tek şeyler sadece ekonomik olmayacaktır. Doğal çevre ve insan 
hayatları da tehlikeye atılmış olacaktır. 
Yakın zamanda Pasifik Okyanusu’nda bulunan bir ada olan Kiribati kendini iklim 
değişiminin etkilerinin tam ortasında buldu. Bu bölgede su seviyelerinin yükselmesi 
ile yerleşimin alanın tamamı sular altında kalacağı için, Kiribati yetkilileri Fiji 
bölgesinde halk için yeni bir yerleşim yeri temin ederek, tüm halkı taşıma kararı 
üzerinde incelemeler yapıyorlar. Burada sözü edilen rakam 100,000’nin üzerindedir. 
Deniz suyunun yükselmesi ile içme suyu kaynaklarının da yok olması durumundan 
dolayı halkı yüksek rakımlar yerine, başka bir bölgeye taşımak bu ülkenin 
vatandaşlarının korumanın tek çözümü olarak düşünülmektedir. İklim değişiminin bu 
sonuçları görüldüğü gibi bir ülkenin tamamen taşınması ile sonuçlanabilirken, bu 
durumu karşı olan zayıflığın giderilmesi, iklim değişimine sebep olan etkenlerin 
azaltılması ve gelecekteki koşullara uyum sağlamak zorunlu olmaktadır. 
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Gelişmiş ülkeler geçtiğimiz yıllarda terör ile başa çıkabilmek için çok yönlü ve 
detaylı projeler geliştirmişlerdir. Şimdi ise bu ülkeler fosil enerji kaynaklarına karşı 
alternatif ve sürdürülebilir enerji kaynaklarını araştırmakta, geliştirmekte ve 
kullanıma geçirmektedir. Bu şekilde tükenmekte olan ve ekonomik olmayan fosil 
yakıtlarının doğaya ve iklime verdiği zararların da önüne geçmek istenilmektedir. 
Fosil yakıtlara bağımlılığın devam etmesi ve iklim değişimine karşı önlem 
almayarak, uyum sağlamama ile ilgili senaryolar gösteriyorki sonuç tam bir çöküş 
olabilir. Sürdürülebilir ulaşım modellleri geliştirmek, yürünebilir, karma kullanım 
alanlarına sahip yerleşim alanları, yenilenebilir enerji kullanan yapılar ve yeni 
teknolojiler ile bu durumun önüne geçilebilir. 
Bu noktada ilk adım açık bir plan oluşturmak ile başlıyor, bunun ile birlikte kısa 
zamanda, orta ve uzun zaman dilimlerinde neler yapılabileceği belirlenebilir. Bu 
duruma karşı ne kadar kısa zamanda harekete geçilir ise , uyum sağlama süreci 
toplumlar ve şehirler için o kadar kolay olcaktır. İklim değişiminin yavaş hızda 
ilerleyen bir sorun olması yapılabilecekler için zaman kazandırırken, bazı kesimler 
yavaşlığından dolayı bu durumu hiç bir zaman gerçek bir sorun olarak görmeme 
hatasına düşmektedir. 
Düşük ve orta gelirli toplumlar da, gelişmiş toplumlar gibi iklim değişimine karşı 
önlemler almaya başlamak zorundalar, aksi takdirde bu durumdan en kötü 
etkilenecek kısım onlar olacaklardır. 
Dirençli ve uyum sağlayabilir hale gelmek için en büyük rol yerel ve ulusal 
yönetimlere düşmektedir. Yönetimler iklim değişiminin olumsuz etkileri azaltmak ve 
uyum sağlamak ile ilgili uygun kanunlar ve yönetmelikler geliştirmelidirler. Sivil 
toplum örgütlerine de bu durumda büyük bir rol düşmektedir. Yönetimler ve sivil 
toplum örgütleri birbirleri ile etkileşim halinde olmalı, halkı ve ticari işletmeleri bu 
konu bilgilendirip, yol göstermelidirler. 
Adaptasyon için bilgi ve sorumluluk ile birlikte, iyi kaynaklara ve teknik yeterliliğe 
sahip yerel yönetimler de gerektirmektedir. Ayrıca yerel yönetimler bir çok farklı 
disiplinden olan meslek grupları ile birlikte risk anında birlikte çalışmayı yürüterek, 
liderlik edebilmelidir. İyi yönetilen kentler halkının ve ekonomisinin ileride 
karşılarına çıkabilecek şoklara ve streslere, bunlar iklim kaynaklı olsalar bile, 
koruyabilmektedir. İyi yönetilen kentler seller ve fırtınalar gibi doğal afetlere karşı 
sakinlerini korurken, iyi bir altyapı sistemi, hizmet ve ortak alanlar ile güvenilirliğini 
de arttırmaktadır. Planlama, alan kullanımı, yapı ve alan kullanım standartlarının 
geliştirilmesi yerleşik halkın güvende ve korumada olmasını sağlamaktadır. 
Türkiye de gelişmekte olan ülkeler arasında yer almaktadır, bu da iklim değişikliğine 
dirençli hale gelebilmek için birçok fırsat olduğunu göstermektedir. 1999 yılındaki 
depremin ardından birçok yeni yasa ile birlikte inşaat sektöründe yeni bir dönem 
başlamış bulunuyor. Her gün yeni bir toplu konut projesi hayata geçirilmekte. İlk 
olarak, büyük alanlara yayılan ve yüklü nüfus barındıran bu projelerin konumlarının 
seçimine dikkat etmek gerekiyor, çünkü bu projelerin konumlandırıldığı 
büyüklükteki alanlar şehir merkezlerinde yer almıyor. Bunun sonucunda da şehirlerin 
yerleşim sınırları sürekli olarak belirli bir planlamaya bağlı olmadan gelişiyor. 
Ayrıca bu yapılaşmlaraın bulunduğu yerler merkez dışında kaldığından, bu bölgelere 
yerlerşen insanlar toplu taşımadan faydalanamıyor ve bireysel araç kullanımı ve 
beraberinde de karbon dioksit gazı salınımını arttırıyor. Bu toplu konut yapılaşmaları 
için sera gazları salınımını düşürecek ve enerji verimliliğini arttıracak yönetmelikler 
Türkiye’nin şehirlerini dirençli duruma getirmesinde önemli rol oynayacaktır. 
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Ağaçlandırma çalışmaları ve yağmur suyu yönetimi ise yerel yönetimler tarafından 
sağlanabilecek ve ilkim değişimine uyumun artmasını sağlayacak yöntemler arasında 
yer alıyor. Su kullanımı, enerji tasarrufu ve yeşil şehirlerin önemi hakkında sivil 
toplumun bilgilendirilmesi, özellikle değişime açık olan genç nesilin (bu konuda 
Türkiye’de genç nüfus yoğunluğunun fazla olması bir avantaj olarak görülmektedir) 
bilgilendirilmesi oldukça önemlidir. Ticari, endüstriyel ve konut alanlarında fosil 
yakıtların enerji kaynağı kullanılması yerine güneş enerjisi ya da rüzgar enerjisi gibi 
sürdürülebilir enerji kaynaklarını kullanmak sadece dirençli şehirler oluşmasına 
yardımcı olmakla kalmayıp finansal olarak da fayda getirecektir. 
Yeşil çatılar her ne kadar maliyeti yüksek ve bakımı zor olarak görülse de, karbon 
dioksit gazı salınımı düşürmeye, estetik görüntünün gelişmesine ve yapıların 
değerlerinin artmasına fayda sağladığı göz ardı edilmemelidir. 
Gıda atıklarını kompost hale getirmek, metan gazı açığa çıkaran katı atık dolgu 
alanlarını azaltmak ve toplumu geri dönüşüme yönlendirmek Şikago şehrinin 
uyguladığı iklim değişimi ile geliştirdikleri planın içinde yer alan maddeler arasında 
yer almaktadır ve bunun gibi stratejiler hemen her şehirde uygulanabilirler. 
Ulaşım karbon dioksit gazı salınımına sebep olan sorunların başında gelmektir ve 
ayrıca Türkiye’nin en yüksek nüfusa sahip şehri olan İstanbul’un da başlıca 
sorunudur. Geliştirilmiş nitelikleri olan, daha kullanışlı, ve güzergahı daha iyi 
planlanmış bir toplu taşıma sistemi toplumu özel araçlarından toplu taşımaya 
geçmeye yönlendirebilir. Ancak, bunun gerçekleşebilmesi için kullanıcıların toplu 
taşımaya geçtiklerinde maddi açıdan kara geçmeleri, zamandan tasarruf ediyor 
olmaları, temiz ve güvenli bir ortamda seyahat ettiklerini hissetmeleri gerekmektedir. 
Ayrıca hibrid araçların kullanımını, vergi indirmi gibi yöntemler ile teşvik etmek 
insanların yeşil ve yenilenebilir enerjiye geçmelerine yardımcı olacaktır. 
Yukarıda konusu geçen yöntemler iklim değişimine sebep olan sera gazlarının 
salınımı azaltmak ve gelecekte oluşak olan yeni koşullara karşı uyum sağlamak için 
uygulanabilecek yöntemlerden bazılarıdır. Bu tez kapsamında iklim değişiminin 
sebepleri ve geçmişten günümüze kadar olan etkileri araştırılmıştır. Sonrasında ise 
iklim değişimine karşı şehirleri koruyabilmek için neler yapılabileceği, dirençli 
şehirlerin nasıl oluşturalacağı, sera gazlarınının salınımını düşürmek için alınabilecek 
önlemler ve önüne geçilemeyecek olan iklim değişimine karşı nasıl uyum 
sağlanabileceği incelenmiştir. 
Bu tez araştırmasının konusu her ne kadar Şikago ile ilgili olsa da, Dünya’nın her 
yerinde iklim değişimi etkisini göstermektedir. Gelişmiş ülkeler iklim değişimine 
karşı harekete geçmiş durumdalar ve gelişmekte olan ülkelerin bile uygulayabileceği 
stratejiler geliştiriyorlar. Türkiye, genç ve gelişmekte olan bir ülke, ve geliştirilen bu 
statejiler etkisini hızla göstermekte olan iklim değişimine karşı şehirlerimizde 
uygulamak üzere bir plan oluşturabilir. 
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1.  INTRODUCTION 
Even though when you search the term resilience through internet or written 
literature you get the results for cities that have been destroyed by terror attacks, 
natural disasters or fire catastrophes, if the extend your search a little more you will 
find about resilient cities and adaptation that concerns about subjects like climate 
change or oil peak. Actually these are the disasters that are happening gradually and 
will not be effecting just for now but also they will be affecting our future in the long 
term. Especially, climate change is one of the biggest problems of Earth. Since we, 
the human beings are the reason of this problem with our greenhouse gasses, fossil 
fuels and improved modern lifestyles; we should be able to prevent our world to fall 
into pieces. 
As time passes more people have started to see the results of our actions, and begin 
to search for a solution. Since, these problems are not just caused by individuals, the 
solution also cannot be only found by individual acts. Governments, businesses, and 
residents of cities need to work together. This is the reason for choosing Chicago as 
this thesis’s case study, with Chicago Municipality’s Climate Action plan, which also 
includes businesses and residents; they are trying to make Chicago a green, resilient 
city, which will, also able to adapt changing conditions. 
1.1 Introduction to The Research Topic 
Resilience is a term for planning and design strategies needed in order to help our 
cities develop the necessary capacity to meet the challenges of future. Over the 
coming decades, the need to build capacity for greater resilience will require our 
cities to develop strategies for coping with the future shocks and stresses to out urban 
infrastructure systems associated with climate change. 
Our cities will also have to find ways to significantly reduce their dependence on oil 
or other fossil fuels to find ways to become self-sufficient and energy efficient. 
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In ecology, resilience has been described as the capacity of an ecosystem to tolerate 
disturbance without collapsing into qualitatively different state. So a resilient 
ecosystem should effectively withstand external shocks and rebuild itself. 
On the other hand resilient city, is a city that has developed the systems and stresses 
over time so as to still maintain essentially the same function, structure, systems and 
identity while at the same time working to mitigate to present causes of future 
shocks. 
Mentioning resilient cities brings adaptation as a result. Adaptation is crucial to 
ensure that the city can manage the changes that will come because of the level of 
greenhouses gases already in the atmosphere. 
Adaptation, in our case, can be defined as reducing the vulnerability of a system, 
population group, or an individual or household to the adverse impacts of anticipated 
climate change due to the emission of greenhouse gases. Adaptation to climate 
variability consists of actions to reduce vulnerability to short-term climate shocks 
(with or without climate change). Often, adaptation to climate change will also result 
in adaptation to climate variability (as a co-benefit). However, individual adaptation 
can undermine collective resilience or compromise collective adaptive capacity. 
While adaptation will occur as a set of discrete and incremental adaptation actions 
taken over a very long period of time, continuous learning is essential. 
Cities need to begin exploring effective strategies for developing greater capacities 
for resilience to future impacts of both climate change and energy scarcity. 
1.2 Problem Statement 
Publicity and urgency around global climate change are causing public and private 
decision-makers to consider vulnerability to climate-related risks. Municipalities, 
businesses, and other organizations cannot afford to ignore the impacts of climate 
change. Weather related catastrophes and insurance claims are rising. Investors and 
insurers are expressing concern. Protecting residents, shareholders, employees, and 
other stakeholders requires reducing greenhouse gas emissions and building 
resiliency, in example the capacity to adapt as climate changes. Cities have always 
been exposed to climate-related risks, such as flooding and extreme temperature. 
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However, today, the climate change is increasing those risks and demanding greater 
attention to them.  
In the next couple years, energy demand will outmatch oil supplies worldwide, 
resulting in a situation exceeding the challenges of OPEC oil embargo in early 
1970’s. This is caused by expanded use of cars, ever-growing urban sprawl, poorly 
managed urban development and this could lead to twin energy and climate crisis for 
cities. 
Cities now consume 75 percent of the world’s energy and emit 80 percent of the 
world’s greenhouse gases and cities continue to grow 2 percent per year. 
For the first time in history, half of the humanity lives in cities and it’s estimated that 
by 2030 the number of the city dwellers will reach 5 billion, which is 60 percent of 
the world’s population. 
Researches show that climate change can cause; change in habitat, increase flood 
risk, change in water temperatures, cause heat waves and etc.   
So we need our cities to be resilient for their residents. In case study, the researches 
shows that some of the changes that mentioned above already have begun in Chicago 
and to preserve their city they have came up with an action plan that; determines the 
challenges as climate changes, describes the sources of greenhouse gas emissions, 
sets goals to reduce emissions and adapt changes already affecting, finds ways to 
leverage knowledge to improve economy and quality of life and outlines concrete, 
achievable goals for residents.  
1.3 Scope 
Cities are on the front lines of climate change impacts. These impacts range from an 
increase in extreme weather events and flooding to increased air temperatures and 
public health concerns. Climate change affects both human well-being and the 
economy, posing threats to the livelihoods and assets of people living in cities. Most 
vulnerable to these impacts are poor residents, the elderly, women, children, and 
communities living on the margins of society. Cities and their residents stand to gain 
far more by starting to adapt today, rather than by waiting or not taking action at all. 
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This thesis is directed to Chicago Metropolitan Area and to the resiliency projects 
that city of Chicago is developing for now and future. This thesis aims to provide 
cities in developing countries with practical insights on climate change mitigation 
and adaptation. A number of documents already provide valuable information for 
cities on how to prepare for climate change impacts, both in general and for specific 
sectors. Building on existing sources, this thesis can be used as a guide for cities in 
Turkey. The majors and municipal practitioners in developing countries face various 
existing challenges in running their cities, from waste disposal to policing to public 
health. When considered in light of these ongoing activities, climate change can be 
an opportunity for positive change and action in cities, rather than a competing 
priority for scarce resources. 
Given resource and time constraints, cities can find cost-effective ways to integrate 
disaster and climate risk reduction activities at all stages, including vulnerability 
assessments, planning and prioritization of adaptive strategies, implementation, and 
measurement of success. 
Within the scope of this thesis; climate’s change that has occurred until today and 
what is being expected in the future with its effects is researched. Importance of 
resilient cities and climate change effect on cities are also mentioned with peak oil 
and strategy that can be applied to make cities resilient. Second chapter of the thesis 
finalizes with adaptation section, which includes mitigation and adaptation strategies, 
community’s role in adaptation and potential of cities for adaptation. 
Case study chapter is about city of Chicago, since it has the most detailed and well-
planned climate action plan in the United States. Chicago’s adaptation and mitigation 
strategies and their actions have been researched in this section with the help of 
Chicago Municipality. 
1.4 Objectives 
There are three objectives for this thesis: 
• Assess importance of resilience and adaptation. 
Researching about climate change, pointing out its causes and effects in short and 
long term periods of time, gives the reasons for importance of resilience and 
adaptation. 
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• Assess principles of resilience and adaptation. 
Determining what kind of strategies can be developed in order to become resilient 
against climate change and peak oil. Comprehending which strategy is need for 
which action and who has the responsibilities to bring that strategy into action.  
• Assess effects of resilience and adaptation plans based on Chicago’s Action 
Plan. 
Researching about Chicago’s climate action plan, their applied strategies and their 
future plan. Through Chicago’s actions, finding out what strategies can provide a 
basis for making Turkey’s cities more resilient to upcoming climate change. 
1.5 Method 
To write this thesis the method is used: 
• Literature research about resilient cities and adaptation. 
• Assessment of resilience and adaptation through Chicago Metropolitan Area 
case study. 
Since, there is not enough knowledge about climate change in Turkey, this thesis 
based on literature research. Thesis’s literature research started with finding out what 
climate change really is and it is raising effects with elapsed time. Through climate 
change research, it became obvious that it is happening all around the world and 
taking precautions against it to protect cities and lifestyles is a necessity. Statics and 
greenhouse gas emission measurements through years has shown that climate change 
is occurring rather slower than any other natural disaster but its effects can be 
observed not only some specific location but all around the globe.  
Climate policies has also formed a considerable part of research since the major role 
in reducing greenhouse gas emissions is needed to be perform by local and national 
authorities. Ways to protect cities and communities has led this thesis to research 
about resilient cities and adaptation strategies that can be applied. 
The risk related to a climate change impact can be represented as a function of its 
likelihood and the magnitude of its consequence as reflected by the equation and the 
graphic below (figure 1.1): 
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Figure 1. 1 : Climate change impact consequence graphic (Chicago Climate Change 
Action Plan Report). 
The approach showed in the figure 1.1 has implemented for MWH’s risk assessment 
for the City of Chicago was to combine a measure of the probability or likelihood of 
a predicted climate change impact occurring with a measure of the probable severity 
of magnitude of the consequence associated with specific impacts resulting from that 
prediction. 
Case study chapter is about Chicago Metropolitan area and Chicago Municipality’s 
Environmental Department has provided numerous documents about what they have 
done and what they are planning for future to reduce the negative impacts of climate 
change and to adapt forthcoming effects. Numerous documents and scientific 
measurements have been supplied by Environmental Department and these 
documents assisted to decipher the results of their strategies. In the last decade, I 
have been observing Chicago as a landscape architect and I was able to see the 
differences that have taken place through their climate change action plan. Not only 
the local authorities but also the residents of the city have been promoting a greener 
and more resilient city for their future. 
In order to apply a consistent evaluation of likelihood and consequence MWH used 
the simple scoring system that is shown in the tables below. For each of the climate 
related predictions described in Chicago’s climate research reports, a scale of 1 to 5 
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to for likelihood was used. Similarly for each identified impact of scale of 0 to 5 was 
used for consequence. 
Table 1.1 : Climate Risk Scoring System (Chicago Municipality). 
Score Likelihood 
5 Occurring now E.g. UIUC report cities evidence of detectable trend. 
4 Very likely E.g. Prediction is primarily driven by increased average temperatures. 
3 Likely E.g. Prediction is driven by generally less reliable general circulation models. 
2 Rather likely E.g. Prediction is hypothesized based on a combination of simultaneous climate outcomes. 
1 Unlikely E.g. Prediction is outside of range of likely scenarios presented by researching universities. 
0 Not used N/A 
Table 1.2 : Climate Risk Scoring System for Infrastructure (Chicago Municipality). 
Score Consequence (General) Consequence (Infrastructure Costs*) 
5 Catastrophic (e.g. major loss of life) Loss of life doesn’t apply to infrastructure costs 
4 Very high (significant health effects, and/or very high cost, approximately >$ 1B) > $ 4M 
3 High (high cost, approximately $ 10M - $ 1B) $ 1M to $ 4M 
2 Moderate (moderate cost approximately < $ 10M and/or disruption) $ 0.25M to $ 1M 
1 Low (primarily nuisance issue or relatively low cost) < $ 0.25M 
0 Benefit (any magnitude) Not Used 
*: Cost range based on Average Annual Costs (2010 – 2009) using average of “High” and 
“Low” emissions scenario aggregated across all responding City of Chicago departments. 
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2.  RESILIENT CITIES AND ADAPTATION 
2.1 Climate Change 
Climate change is a worldwide environmental, social and economic challenge. It 
touches on aspects of air pollution, land use, toxic waste, transportation, industry, 
energy, government policies, development strategies, and individual freedoms and 
responsibilities. Climate change has long-since ceased to be a scientific curiosity, and 
is no longer just one of many environmental and regulatory concerns. As the United 
Nations Secretary General has said, it is the major, overriding environmental issue of 
our time, and the single greatest challenge facing environmental regulators. It is a 
growing crisis with economic, health and safety, food production, security, and other 
dimensions. 
Shifting weather patterns, for example, threaten food production through increased 
unpredictability of precipitation, rising sea levels contaminate coastal freshwater 
reserves and increase the risk of catastrophic flooding, and a warming atmosphere 
aids the pole-ward spread of pests and diseases once limited to the tropics. 
Ice-loss from glaciers and ice sheets has continued, leading, for example, to the 
second straight year with an ice-free passage through Canada’s Arctic islands, and 
accelerating rates of ice-loss from ice sheets in Greenland and Antarctica. Combined 
with thermal expansion—warm water occupies more volume than cold—the melting 
of ice sheets and glaciers around the world is contributing to rates and an ultimate 
extent of sea-level rise that could far outstrip those anticipated in the most recent 
global scientific assessment. 
There is evidence that important tipping points, leading to irreversible changes in 
major ecosystems and the planetary climate system, may already have been reached 
or passed. Ecosystems as diverse as the Amazon rainforest and the Arctic tundra, for 
example, may be approaching thresholds of dramatic change through warming and 
drying. Mountain glaciers are in alarming retreat and the downstream effects of 
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reduced water supply in the driest months will have repercussions that transcend 
generations. Climate feedback systems and environmental cumulative effects are 
building across Earth systems demonstrating behaviors we cannot anticipate. 
The potential for runaway greenhouse warming is real and has never been more 
present. The most dangerous climate changes may still be avoided if we transform 
our hydrocarbon based energy systems and if we initiate rational and adequately 
financed adaptation programs to forestall disasters and migrations at unprecedented 
scales. The tools are available, but they must be applied immediately and 
aggressively. 
The US National Academy of Science first warned of impending global warming in a 
historic report in 1979, and the head of the NASA climate research division, James 
Hansen, famously declared, “global warming is here,” in a congressional hearing in 
1988. That year the World Meteorological Organization founded the 
Intergovernmental Panel on Climate Change (IPCC). 
As seen in figure 2.1 climate projections published in the third IPCC report of 2001    
compared to the actual global temperature change since 1970. 
 
Figure 2. 1 : Climate Projections (The Climate Crises An Introductory Guide to 
Climate Change p.3). 
The measured values are shown in red (NASA) and blue (Hadley Centre), with dots 
showing annual values up to 2008, while the thick curves show the trend line. The 
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IPCC scenarios start in 1990 and are shown as black dashed lines; the broader gray 
band is the uncertainty range. 
Since then amazing wealth of scientific data on global warming has been collected. 
The history of the Earth’s climate has been probed by drilling into the Greenland and 
Antarctic ice sheets and the sediment layers of the oceans’ vast depths. 
The IPCC has issued four major reports on the state of world’s climate since it was 
founded: the first in 1991 and the most recent one in 2007. 
The science of climate change has a long history, but progress has accelerated in the 
last few years. The theory of the greenhouse effect is almost two centuries old, 
discovered by mathematician Joseph Fourier in 1827. In 1896, Svante Arrhenius 
estimated how sensitive the climate would b to changes in the concentration of the 
greenhouse gas carbon dioxide in the atmosphere. Arrhenius’ answer of 4 to 6 °C of 
warming from doubling carbon dioxide (CO2) was not far off our current estimate 2 
to 4.5 °C. 
Changes in atmospheric carbon dioxide were considered a possible cause of the ice 
ages, for example by Svante Arrhenius in 1896, but another potential driver for ice 
ages was and still considered to be wobbles in the Earth’s orbit around the sun. In the 
1980s it was discovered that ice core atmospheric CO2 and methane concentrations 
both rise and fall in concert with the amount of ice in the ice sheets, amplifying the 
climate extremes of the ice ages. The correlation between local temperature in 
Antarctica, and atmospheric CO2, now extended back 650000 years through seven 
glacier cycles, is compelling evidence for a role for CO2 in global climate. 
In the 1990s the Greenland ice cores revealed that the climate of the glacial world 
was much less stable than the warm climate of the past ten thousand years. The 
climate of the high northern latitudes in particular seemed to flip between different 
states, in what are known as “abrupt climate changes”. The abrupt climate transitions 
typically took less than a few decades, while the climate states before and after may 
have lasted for thousand years. 
Figure 2.2 shows reconstructions of the Earth’s temperature that have been attempted 
in the last century. Weather observations date back several centuries, but it has been 
a big, ongoing job to collect, check, and then average the temperature data. Urban 
data are excluded to avoid bias from the urban heat island effect, although the 
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corrections are small. Sea surface temperatures need to be corrected for the method 
of measuring temperature, which changed from the traditional method, using cloth 
buckets to collect surface seawater, to automatically measuring the temperature at the 
intake of an engine cooling system. In spite these differences, the various records of 
global average surface temperature changes, created over the past decades, show a 
remarkable uniformity. Figure 2.2 shows global temperature change through years. 
 
Figure 2. 2  : A comparison of different reconstructions of the global average 
temperature of the Earth (Url-18). 
Scientific understanding of the basic physics of the greenhouse effect, and the 
potential for global warming as a result of carbon dioxide emission, has been 
building for over two centuries. Joseph Fourier, a mathematician, invented the idea 
of the greenhouse effect, and its name, in 1827. Sir William Herschel, an astronomer, 
had only discovered the discovery that energy can be transported by invisible 
infrared radiation in 1800.  
Fourier reasoned that if gases in the atmosphere block the outgoing infrared energy, 
similar to a pane of glass in a greenhouse, the temperature of the surface of the planet 
will rise. The glass warms the interior by absorbing the light from the ground, and by 
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shining its own light backs down to the ground. Greenhouses also warm up by 
preventing warm air inside from rising and carrying away their heat. 
John Tyndall identified carbon dioxide, methane, and water vapor as greenhouse 
gases in 1859. A gas acts as a greenhouse agent if it interacts with infrared light, 
absorbing the light energy and converting it to heat, and in the opposite direction, 
radiating heat away as infrared light. The atmosphere is mostly made up of nitrogen 
and oxygen gases, which are transparent to infrared light and therefore not 
greenhouse gases. Only the more complex molecules, containing three or more 
atoms, or two dissimilar atoms, act as greenhouse gases. 
Water vapor is also a greenhouse gas; in fact it is a stronger greenhouse gas in our 
present atmosphere than carbon dioxide is. If water vapor concentration gets too high 
for a particular temperature, if relative humidity exceeds 100 percent, water tends to 
condense and it will rain or snow. In contrast to carbon dioxide that accumulates in 
the atmosphere from human emissions, the amount of water vapor in the air is 
regulated quickly by the water cycle. 
The water vapor feedback effect arises because the amount of water vapor that air 
can hold depends very sensitively on the temperature. A warming of the atmosphere, 
caused by rising carbon dioxide concentrations for example, allows the atmosphere 
to hold more water vapor. Since water vapor is a greenhouse gas, the additional 
vapor leads to further warming. The strength of the feedback is hard to predict 
precisely, because the relative humidity of the atmosphere is not always exactly 100 
percent. As air rises, it cools and the water vapor is wrung out, leading to clouds and 
rain. When the air sinks again it has a very low relative humidity. The water vapor 
concentration in a parcel of air therefore depends on the recent history of the air, in 
other words the weather. Because the air might circulate differently in a different 
climate, there is a possibility that the relative humidity of the atmosphere might 
change a bit, in either direction, making the water vapor feedback stronger or 
weaker. 
Ice plays many roles in Earth’s climate. Ice and snow tend to reflect sunlight, and 
therefore act to cool the Earth. When ice melts, more of the sunlight is absorbed by 
the darker ground or ocean underneath the ice. Melting ice therefore acts to amplify 
an initial warming, in a process called the ice albedo feedback. The word albedo 
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refers to the reflected fraction of sunlight. Climate records from the past few decades 
show the effect of the ice albedo feedback already, in that warming is core intense in 
the Arctic than it is on the planet as a whole. The Arctic Ocean is projected in some 
models to be seasonally ice-free in the coming decades, representing one of the 
clearest examples of a “tipping point” in the near-term future. 
Atmosphere and ocean flows are turbulent, and the amount of heat and other 
properties that they carry depends on the details of this flow. The models used to 
forecast climate change are similar to the models used to forecast the near-term 
weather. 
Carbon dioxide concentrations are now monitored from variety of locations around 
the world. The carbon dioxide concentration in the atmosphere is mostly well mixed, 
although there are subtle variations from place to place. The concentration in the 
boundary layer near the ground may be higher or lower than the atmosphere at large, 
especially when the Earth’s surface is giving off or taking up carbon dioxide, as near 
a city or a forest. Above the boundary layer there are subtler variations in carbon 
dioxide driven by these sources and sinks of carbon dioxide. Atmospheric modelers 
use these carbon dioxide concentration measurements to deduce the rates of carbon 
dioxide uptake and release by the oceans and the land. 
The climate impact from human release of other greenhouse gases methane, 
chlorofluorocarbons (Freons), and nitrous oxide was discovered in the 1970s. A 
property of the greenhouse effect is that a single molecule or a very rare gas, such as 
methane or a Freon, has a much stronger effect on climate than a single molecule of 
an abundant gas such as carbon dioxide. The human-caused energy imbalance from 
these secondary greenhouse gases, added together, begins to rival the imbalance from 
carbon dioxide, even though the trace gases are being emitted at a much lower rate 
than carbon dioxide. 
It become apparent in the 1970s that sulfate aerosols have the potential to scatter 
sunlight back to space, cooling the Earth by increasing its albedo. The aerosols may 
also alter the size distribution of cloud droplets, increasing scattering and albedo still 
further. The cooling effect of aerosols offsets somewhat the warming impact of 
greenhouse gases. An important difference between aerosols and carbon dioxide is 
that the lifetime of aerosols in the lower atmosphere is just a few weeks, while 
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carbon dioxide accumulates. Because of that the cooling impact of aerosols are much 
stronger in the Northern Hemisphere where they are emitted. On the contrary, carbon 
dioxide and many other greenhouse gases are generally fairly well mixed in the 
atmosphere; the imbalance in radiative energy caused by their rising concentrations 
is more global in impact. 
Variations in the intensity of the sun could also have an impact on climate. The 
brightness of the sun varies somewhat with the number of sunspots, following a 
sunspot cycle of about 11 years. There have been times when the sun had fewer spots 
than it has had in the past few decades, and even times when the spots disappear 
altogether for several decades. The climate forcing from the sun measured in watts 
per square meter and called its radiative forcing, is somewhat warmer now than it 
was in 1750, but greenhouse gases have increased their radiative forcing by 30 times 
as much. There has been no increase in solar intensity in the “global warming 
decades” from 1970s to the present. 
The most direct way to look for global warming is in the global average temperature 
of the Earth. Natural variability in the climate system tends to rearrange heat around 
the surface of the Earth, rather than warming or cooling the entire Earth. Some 
natural climate variations, such as El Nino or variations in solar output, do affect the 
global mean temperature. In 1980 the signal of global warming was still 
indistinguishable from natural variability, but it was predicted that the human impact 
on climate would become evident within the decade. The First Intergovernmental 
Panel on Climate Change Scientific Assessment in 1990 did not find it, but the 1995 
IPCC Scientific Assessment Report (SAR) declared “a discernable human impact on 
global climate”. The conclusion has stood and got stronger, in subsequent 
Intergovernmental Panel on Climate Change reports. The Fourth Assessment Report, 
AR4, assigns a probability of more than 90 percent that rising greenhouse gases are 
the dominant factor in the current warming. 
In addition to the detection of global warming in the global average temperature, the 
effects of greenhouse gases can be seen in changes in the temperature cycles between 
day and night, or summer and winter, or the temperature trends with altitude above 
the Earth’s surface. These patterns, called “fingerprints”, can be used to distinguish 
warming due to changing solar intensity, such as, with warming due to carbon 
dioxide and other greenhouse gases. 
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2.1.1 Climate Change Until Today 
The global mean a simple energy balance, which involves the effect of greenhouse 
gases, rules surface temperature. Because of that the best number to look at if one 
wants to see whether the increase in greenhouse gas concentrations is actually having 
the effect that is predicted by the physics of the greenhouse effect. The global mean 
temperature has the additional advantage that is natural variations are much smaller 
than the variations on a regional or local scale; this makes it easier to detect any 
long-term trend. The reason is simply that many natural climate variations cancel out 
when averaged over the globe.  
The global mean surface temperature is computed by combining measurements of air 
temperatures over land and measurements of sea surface temperatures in the oceans. 
Air temperatures are measured at thousands of weather stations around the globe, 
while sea surface temperatures are measured from thousands of ships and buoys. 
These measurements are combined on a regular grid, so that every square kilometer 
of Earth’s surface counts equally towards the global average, regardless of how 
densely the measurements are spaced. 
Errors in the computed global mean temperature arise mostly where the data 
coverage is thin – this is a problem in the tropics and the Southern Hemisphere, 
especially around Antarctica. Another potential error source is the “urban heat island 
effect”, which can affect weather stations in cities. Because of many reasons cities 
usually have a warmer microclimate than their surroundings; this can lead to a 
spurious warming trend at an urban weather station as the city grows. This warming 
is of course very real in the city concerned, but this highly localized effect is not 
representative for a wider area. Most stations affected by the “urban heat island 
effect” are therefore excluded from global records. 
From the level in the second half of the nineteenth century, temperatures increased in 
two phases: first from the 1910s to the 1940s, and then more strongly from the 1970s 
to the present. Since 1970s global temperature started a steady rise at a rate of 0.17 
°C per decade until today. The overall rise since 1900 is 0.7 °C. this warming trend is 
greater than any experienced since at least the Middle Ages. 
About record warm years, the IPCC report has said that; “The warmest years in the 
instrumental record of global surface temperatures are 1998 and 2005, with 1998 
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ranking first in one estimate, but with 2005 slightly higher in the other two estimates. 
2002 to 2004 are the 3rd, 4th and 5th warmest years in the series since 1850. Eleven of 
the last 12 years (1995 to 2006) – the exception being 1996 – rank among the 12 
warmest years on record since 1850. The major 1997-1998 El Nino enhanced surface 
temperatures in 1998 but no such strong anomaly was present in 2005. Temperatures 
in 2006 were similar to the average of the past 5 years.” 
The latest data show that 2007 and 2008 also ranked amongst the top 10 warmest 
years in record. 
Since the 1970s, temperatures over land have increased much faster than over 
oceans. A large amount of incoming energy to oceans goes into evaporation rather 
than heating. On land, the available moisture limits evaporation – when the soil is 
dry, heating is greater. The oceans also act as a big heat buffer: they store heat and 
therefore respond with a delay. This reduces the warming that is experienced so far 
but it also could lull into complacency by hiding some of the warming we are 
committed to from the greenhouse gases that have already put in the atmosphere. It is 
important to realize that land areas are and will be warming more rapidly than the 
global average numbers most often cited. In figure 2.3, linear trend of temperatures 
taken from 1902 to 2005 is shown. Gray regions do not have enough information to 
determine the trend. 
 
Figure 2. 3 : Map of the temperature change over the century (Url-19). 
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The Southern Hemisphere has warmed slightly less than the Northern Hemisphere – 
that is likely due to the fact that most of the land areas, which warm faster, are in the 
north, while the Southern Hemisphere is mostly ocean. 
Warming is evident almost everywhere on the planet, with the largest warming over 
the northern continents, where in a few places already exceeds 2 °C. The overall 
warming trend is already so strong that it has overwhelmed most of the internal 
regional climate fluctuations, which would be equally likely to be warming or 
cooling during any given time period. Over the past 50 years, the night-time 
temperatures have increased more than daytime temperatures. 
Other than land and oceans, the troposphere is also warming slightly more and a lot 
more uniformly than the surface climate. The stratosphere, on the other hand, is 
cooling. This is expected for two reasons. The first is the increase in greenhouse 
gases, which traps heat in lower layers of the atmosphere, while it helps to radiate 
heat away from the stratosphere. The second is the ozone loss in the stratosphere. 
Ozone is a major absorber of solar UV radiation and therefore a major heat source in 
the stratosphere. 
Climate is not just temperature. For land ecosystems and agriculture, precipitation is 
at least as important. As temperature rise, it is expected that a larger fraction of 
precipitation fall in the form of rain, rather than snow, which has implications such 
as for water storage in the snow pack and for glaciers. 
People, and especially farmers, care not only about the average amount of rain and 
snow that falls each year. They also care about seasonality. In some parts of the 
world, rainfall has gone down in summer but is on the rise in winter, causing little 
change in the annual total – but increased flood risk in winter and drought problems 
in summer. In other regions, where precipitation mostly falls in winter, a larger 
fraction is now falling as raid and this situation reduces the snow pack in the 
mountains, which is an important source of runoff in summer when water is most 
needed. 
One important observation is that heavy rainfall events are on the rise. This is 
because the warmer air can hold more water, so more can come down during 
extremely wet days. This is found to be happening even in regions where the overall 
rainfall has not increased. The other side of flood is drought. The collected data show 
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that drought severity has increased over the past hundred years. Based on the Palmer 
Drought Severity Index, very dry areas have more than doubled in extent since the 
1970s. 
The way humans affect the climate system is not by producing heat, but by 
interfering with radiation – either with the incoming solar radiation, or with the 
outgoing long wave radiation. It is important to monitor changes in the radiation 
budget directly. Clouds have a big impact on both types of radiation. Clouds can be 
monitored either from the Earth’s surface or from satellite, but only with some 
difficulties. Surface observations suggest that, since 1950, cloudiness has increased 
in many large continental regions. This is consistent with an increase in precipitation 
and a decrease in the difference between day- and night-time temperatures. Since 
these measurements are small and not fully consistent; the IPCC report comes to the 
scientifically rather unsatisfying conclusion: “at present there is no clear consensus 
on changes in total cloudiness over decadal time scales”. So at this stage, these 
measurements thus neither provide proof nor a reason to question the idea that the 
anthropogenic rise in greenhouse gases is responsible for the observed global 
warming. 
In addition, some changes in atmospheric circulation patterns are starting to become 
apparent. Mid-latitude westerly winds appear to have increased, with storm tracks 
shifting somewhat towards the poles. The incidence of El Nino events has increased 
since the 1970s. Finally, tropical storms have shown an increase in intensity and 
duration since the 1970s. 
Ice also plays many roles in the climate system, in the diagnosis and the prognosis 
for human-induced climate change. Mountain glaciers, snow, sea ice, and permafrost 
are melting around the world. There are regional variations in climate, and 
exceptions to the general melting trend, in particular sea ice near Antarctica. 
However, observations of snow and ice provide powerful support for the warming 
trend as measured by thermometers at weather stations. 
Sea ice reflects sunlight, until its melting amplifies the warming from greenhouse 
gases. The ice in the Arctic has been melting faster than had been predicted, and 
when it goes the climate impacts could be profound. The Greenland ice sheet could 
be affected by a change in high-latitude Northern Hemisphere climate. The ice sheets 
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in Greenland and Antarctica hold enough water to flood the continents by 70 meters. 
The ice sheets appear to be responding to warming so far much more quickly than 
had been predicted, and in ways which hadn’t been thought of. The unpredictability 
of ice sheet flow makes it impossible, so far, to make a reliable forecast for future sea 
level rise. Figure 2.4 shows the arctic sea ice cover change from 1979 to 2007. 
 
Figure 2. 4 : Arctic sea ice cover change (Url-26). 
On the other hand, oceanic measurements show that the oceans are heating up. At the 
ocean surface, temperatures have changed in a similar way as in the atmosphere, 
although in recent decades the warming has been slower than over land. This is 
reasonable, given the large heat storage capacity of the oceans. Warming is greatest 
near the surface of the oceans, but a warming trend is now evident down to ocean 
depths beyond 1000 meters. Salinity in the ocean is also changing, in a global pattern 
that is consistent with an enhanced atmospheric water cycle. Enhanced evaporation 
in subtropical regions, where a salinity increase is found, and enhanced rainfall in 
higher latitudes, where salinity is declining. Sea level has risen by about 17 cm over 
the twentieth century, and by 3.4 mm/year since satellite measurements started in 
1993. 
Many of these observed changes have been shown due to human activities by using 
“fingerprint” analysis. 
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2.1.2 Past – Present – Future 
The evidence, from the deepest past all the way to the most recent historical times, 
hangs together in support of a key role for atmospheric carbon dioxide in regulating 
climate. Millions of years ago, the Earth was tropical to the poles, and carbon dioxide 
concentrations were higher. The Paleocene Eocene thermal maximum event, 55 
million years ago, was a strong warming in response to a rise in in atmospheric 
carbon dioxide concentration analogous to fossil fuel carbon dioxide release. The 
Earth stayed warmer than it had previously been for a hundred thousand years. 
As the atmospheric carbon dioxide concentration gradually fell over the past tens of 
millions of years, the Earth cooled and ice sheets started to form. The climate of the 
last two million years has been dominated by the growth and melting of ice sheets. 
These glacial cycles were triggered by variations in the Earth’s orbit around the sun, 
but they are exacerbated by systematic changes in the carbon dioxide concentration 
of the atmosphere. Analysis of the Earth’s climate through the glacial cycles tells us 
that climate can affect atmospheric carbon dioxide and also that atmospheric carbon 
dioxide affects the climate. 
The glacial world also tells us that Earth’s climate has the potential to flip abruptly 
from one mode of operation to another. Abrupt regional climate transitions in the 
past are only dimly understood, which means that it would also be difficult to predict 
any future abrupt changes in advance. An abrupt climate change can take just a few 
years, and the new climate might be stable for thousand years. Natural climate 
changes in the past were mostly driven by changes in that are very slow, such as 
orbital variations or changes in the intensity of the sun. There are faster climate 
strains such as volcanic eruptions and the 11-year sunspot cycle. Yet the natural 
changes in climate during the glacial time tended to be much faster than these slow 
strains, because the Earth’s climate is a nonlinear system that can flip between 
multiple stable states. In contrast to the past, the climate forcing in the future, the rise 
in atmospheric greenhouse gases, is taking place on a much faster time scale of 
decades. 
Now in an interglacial climate interval, an oasis of stability compared to the bluster 
of the fierce glacial climate. There have been climate changes in the past thousand 
years, the most well known of which are the Little Ice Age (1350 – 1700) and the 
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Mediaeval warm period (800 – 1300). These times correlate with apparent changes in 
solar luminosity. The past century has been one of warming mostly, especially since 
1970. But this last warming is not a result of sun; it is a result of rising greenhouse 
gas concentrations in the air. 
In figure 2.5, comparison of observed continental and global-scale changes in surface 
temperature with results simulated by climate model’s using either natural or both 
natural and anthropogenic forces. Decadal averages of observations are shown for 
the period 1906 – 2005 (black line) plotted against the center of the decade and 
relative to the corresponding average for the 1901 – 1950. Lines are dashed where 
spatial coverage is less than 50%. Blue shaded bands show the 5 to 95% range for 19 
simulations from five climate models using only the natural forcing due to solar 
activity and volcanoes. Red shaded bands show the 5 to 95% range for 58 
simulations from 14 climate models using both natural and anthropogenic forcing. 
 
Figure 2. 5 : Global and continental temperature change (Climate Change 2007 
Synthesis Report) 
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If the emission of greenhouse gases continues to increase, a major global warming 
will almost certainly occur during the course of this century. Depending on how 
much is emitted, global temperature is expected to rise by at least 1.1 °C, up to a 
whooping 6.4 °C. This will make global temperature 2 °C to 7 °C higher than it was 
a century or so ago, when the industrial revolution took hold. For comparison: when 
planet Earth was in the grip of the last great ice age about 20000 years ago, global 
temperature was only 4 °C to 7 °C colder than now. 
As a consequence of this warming, many changes to the climate system can be 
expected. Some of these can be predicted with confidence, while others are still 
uncertain. Some regions of our planet will get a lot wetter, other regions a lot drier. 
Heat waves are expected to increase, while outbreaks of cold air and frost days will 
decline. Drought problems are expected to increase, while outbreaks of cold ever 
increasing part of the land areas. The risk of flooding will increase in many regions, 
even in areas also affected by drought. Snow cover will decline drastically.  
The Arctic sea ice cover will shrink further and image of our planet as seen from 
space. Most mountain glaciers will disappear and sea level will rise in global average 
by 18-59 centimeters – or possibly a lot more. In addition to global warming 
problem, there is a problem of the ocean waters turning increasingly sour, 
threatening marine life. And these changes will not stop in the year 2100 either: if 
global warming has not been stopped, things continue to get worse for many 
centuries. 
Such a dire outlook is difficult to accept, and some have accused the IPCC reports of 
being overly “alarmist.” One-way to assess this is by checking whether earlier IPCC 
projections turned out to be correct. With most projections starting in 1990, there is 
now a period of 18 years for which can be compared the model projections to what 
actually happened.  
Carbon dioxide concentrations have increased very closely to what was expected. 
Global temperatures have risen close to what was projected in the second and third 
IPCC reports. Some aspects of climate have changed noticeably faster than expected; 
this holds especially for sea level rise and the shrinking Arctic sea ice cover. It is still 
not known whether this is a lasting trend or just shorter-term variability. 
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2.1.3 Effects of Climate Change 
An important question is whether global warming is already having any noticeable 
effects, despite the thus far small about of warming 0.7 °C.  
In media there are reports about trees blossoming or birds arriving at unseasonal 
times, about strange sorts of fish turning up at coasts where they don’t belong, or 
about polar bears drowning. The IPCC concludes that both terrestrial and marine 
species are now being strongly affected by observed recent warming. On the land, 
the changes involve flora and fauna moving to higher latitudes. Tree lines have 
widely moved up. The growing season is lengthening. Spring arrive earlier by two to 
five days each decade. 
While many of these changes may seem positive, some species nevertheless are 
unable to adapt and thus decline in population, vanish from a particular region or 
even go extinct. An important problem is the fragmentation of habitats due to human 
land use, which makes it difficult or impossible to move to a different area when the 
climate changes. Another problem is the fast rate of change, which overstretches the 
ability of species and ecosystems to adapt. One of the prime threats to ecosystems is 
the invasion of exotic species for warmer regions. Many impacts on lad ecosystems 
will likely come from extreme events rather than from a change in average 
conditions. 
Changes in the oceans include a pole ward shift of fish, plankton and algal species as 
ocean waters warm. For example; in the northern Atlantic, plankton has moved north 
by 1000 kilometers over the past 40 years. When scientists investigated changes in 
microscopic plankton over the past 1400 years using cores drilled into ocean 
sediments, they found that changes in the past few decades are unique. This suggests 
that the limits of natural variation in the oceans have already been exceeded. There is 
also growing evidence that warming is harming coral reefs, although it is hard to tell 
how much damage is due to other factors such as over fishing and pollution. 
Lakes and rivers around world are also warming. Algae have become more abundant 
in cold lakes at high latitude and altitude, while productivity has declined in some 
tropical lakes. For several large lakes it has been documented that the spring bloom 
of microscopic plants now occurs four weeks earlier in response to warming. Many 
biologists fear that food webs in lakes and oceans that have become established over 
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thousand of years and are often finely tuned will be disrupted. Toxic bacteria’s are on 
the rise in some fresh water ecosystems, which is a potential health hazard for 
humans. In many rivers, warmer water has enhanced the breeding success of fish, 
while also changing their migration patterns. 
Human activities have also been affected by warming. For agriculture, the growing 
season has become longer, and in some northern regions crops are now planted 
earlier in spring. Impacts of climate change on human health have so far not been 
well documented; first, for lack of long epidemiological data series, and second, 
because of the many other factors that affect health. Although, data indicate that ticks 
that carry Lyme disease are spreading northward in Europe, and that the higher 
incidence of encephalitis correlates with milder temperatures. On the much-discussed 
issue of a possible spread of malaria due to warming, the IPCC report concludes that 
the evidence for this already happening is still unclear. 
Ecosystems have shown some resilience during past, natural climate changes in 
Earth’s history. On the other hand, there have also been extinctions of many plant 
and animal species in the past, many of which have been caused by climatic changes. 
Four important things are different now compared to the natural changes over the 
past two million years or so, the time during which many of the present species and 
ecosystems evolved. 
The first difference is the speed of changes. The rate of global warming at the end of 
ice ages was typically just 0.1 °C per century. Now, the rate of global warming is 
seven times faster during the twentieth century and up to fifty times faster during the 
twenty-first. The second difference is the absolute temperature that will be reached. 
The past two million years have been dominated by a much colder climate than now, 
so it is not surprising that many plants and animals have evolved for cold conditions. 
They tide over the warm interglacial near the frigid poles or high up in the 
mountains. Now it’s being added 2 to 7 °C on top of an already warm interglacial, 
taking the planet outside the range that most plants and animals have evolved in for 
millions of years. The third difference is that humans have completely transformed a 
large fraction of the land surface for own use as farmland, managed forests, roads, or 
cities. Undisturbed nature is often relegated to remnant-fragmented pockets. This 
means that a gradual migration to different latitudes as the climate shifts is 
impossible in many cases. The fourth difference is that we are now causing 
 26 
unprecedented changes to the chemistry of the ocean waters that cover over two-
thirds of planet Earth and host over half of the biological productivity on Earth. 
According to the IPCC report, by the year 2100 the acidity of ocean waters will very 
likely be greater than at any time during at least the past 20 million years. 
These four reasons make climatologists expect a large impact of future global 
warming on the biosphere. Hundreds of specific scientific studies have examined the 
likely response of species and ecosystems to warming, based on knowledge about 
their individual climatic resilience, vulnerability to extremes and geographic 
conditions. The IPCC report says that; during the course of this century the resilience 
of ecosystems is likely to be exceeded by an unprecedented combination of change in 
climate, associated disturbances (e.g., flooding, drought, wildfire, insects, ocean 
acidification), and other global change drivers (e.g., land-use change, pollution, over-
exploitation of resources). The meaning of “resilience of ecosystems is exceeded” is 
very likely characterized by threshold-type responses, many irreversible on time-
scales relevant to human society, such as biodiversity loss through extinction, 
disruption of species’ ecological interactions, and major changes in ecosystem 
structure and disturbance regimes. Ecosystems may suddenly collapse, forests may 
go up in flames or succumb to insect infestations, and species that have lived for 
hundreds of thousands or even millions of years will rapidly vanish from the face of 
Earth. This also means that important functions of ecosystems that humans benefit 
from and often take for granted will be impaired. 
Desert ecosystems are vulnerable to climate change; they are rich in specialized life 
forms that have adapted to cope with heat and drought, up to a point. Grassland and 
savanna ecosystems are twice as much linked to climate: on one hand they are 
particularly sensitive to even moderate rainfall changes, and on the other hand they 
have a strong effect on rainfall. If these ecosystems don’t exist, global rainfall would 
drop significantly. The Mediterranean ecosystems are valued for their high 
biodiversity and are dominated by shrubs, but include some woodland. This type of 
ecosystems is expected to be strongly impacted by global warming, fire frequency 
and extent are expected to rise, and in fact are already increasing. 
Forests and woodlands covers about 30 percent of all land, in tropics as much as 42 
percent. They are particularly productive ecosystems, but also require certain 
conditions. They hold the largest amount of carbon of all ecosystems, amounting to 
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more than twice the amount of carbon currently in the atmosphere. About one-
quarter of the human-caused carbon dioxide emissions come from cutting down 
forests. Forests are very vulnerable to disturbances by drought, fire, and insect 
outbreaks, which can cross a critical threshold through global warming. 
As the climate zones shift, forests can adapt by migrating into new areas. Data from 
earlier climate changes suggest that trees cans disperse into new areas only at a rate 
of about 200 – 300 meters per year, which is at least five times too slow to follow the 
anticipated climate changes. Extinction risks of forest species are expected to 
increase in most cases. Tundra and Arctic/Antarctic ecosystems are characteristic of 
the Polar Regions. The Arctic is strongly affected by global warming, as the loss of 
ice and snow cover amplifies the warming there. The area of tundra is expected to 
shrink as the climate warms and fauna of these areas is expected to decline. 
Mountain ecosystems are warming more than average and probably will continue to 
do so. Snow and ice cover is declining in most mountain areas, often leading to 
increasing water shortages during the growing season. Alpine plants and animals are 
facing a disproportionately high risk of extinction from global warming. Especially, 
the mountain areas in the interior of continents will face increasing drought 
problems. Lakes, rivers, and wetlands will also be strongly affected by further 
warming. Water quality and oxygen content in lakes is expected to decline, since a 
warming climate causes amore stable layering of the water. A thin layer of warm 
water tends to float on top, preventing mixing. Major changes are likely tin the 
composition of species and the growth cycles of plankton. 
The oceans and coastal seas provide many services critical to the functioning of the 
Earth system, and over one billion people depend on fish as their main animal protein 
source. The main impacts are warming of a water, a reduced nutrient supply of the 
sunlit surface water due to more stable layering, sea level rise, loss of ice cover, 
increased disease risk, and acidification. Some coastal ecosystems are threatened by 
suffocation, as the increased stratification and reduced mixing can cause a critical 
loss of oxygen in the water. The most diverse marine ecosystems are coral reefs, 
which harbor a quarter off all ocean species. They are under multiple threats from 
warming, which cause bleaching, acidification, and turbidity of the water arising 
from local population. In 25 years from now, the oceans will have warmed so much 
that the majority of coral reefs could suffer bleaching at least every second year. This 
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is likely to destroy the reef ecosystem as known, leading to reefs dying off and being 
covered in algae. In addition to this, the ocean waters are turning increasingly sour – 
reaching an acid level critical for corals by the year 2070. In figure 2.6, a simulation 
prepared with global vegetation model shows projected changes in terrestrial eco 
system by the year 2100, driven by two different climate models and emission 
scenarios. Changes are only shown where they exceeded 20 percent of a simulated 
grid cell. 
 
Figure 2. 6  : Projected changes in terrestrial ecosystems by the year 2100 (Url-
6). 
Equally threatened are the ancient, slow-growing and fragile cold-water coral reefs. 
Acidification will also threaten the entire Southern Ocean ecosystem, where a critical 
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threshold could be crossed before the end of this century: polar and sub polar waters 
will be under-saturated with aragonite by then. These organisms dominate the food 
web and carbon uptake of the polar ecosystem. In addition to these ecosystems, the 
migratory birds that travel across ecosystems are likely to be more vulnerable than 
stationary species. 
One of the most basic issues is water. Some regions will become drier, others will 
become wetter, and the land area affected by drought and the risk of flooding are 
expected to increase strongly. In addition to reduced snow pack and vanishing 
mountain glaciers will reduce the flow in many important rivers especially in the 
summer months, when water is most needed. The IPCC report concludes that the 
number of people living in “severely stressed” river basins will increase, namely by 
one to two billion people in the 2050s. about two-thirds of the global land area is 
expected to experience increased water stress, and only less than a third will see a 
decrease.  
It is concluded that the negative impacts of climate change on fresh water systems 
will outweigh the benefits. Among those negative impacts are exacerbated problems 
with many forms of water pollution and impacts on human health and the reliability 
and operating costs of water supply systems. The availability of fresh water is linked 
to the issue of agriculture and food supply. 
For a moderate climatic warming (up to 3 °C), important crops such as cereals and 
pasture growing in mid – to high latitudes, will probably benefit to some small 
extent. However, for a greater warming, yields will start to decline below current 
levels. Suitable adaptation measures can help to maintain high productivity in 
warmer conditions, but if it gets too warm productivity will eventually drop. It is also 
known that climate warming and elevated carbon dioxide is expected to reduce 
fishing yields in many regions. 
Without climate change, most of the economic scenarios of the IPCC assume a 
positive trend where the number of undernourished people will decline strongly over 
the coming 75 years due to favorable socio-economic development: down to 100 – 
240 million people for the more optimistic scenarios.  
Climate change is expected to prevent a part of these benefits, adding up to 140 
million undernourished. But these numbers are uncertain. 
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Climate change is already contributing today to the burden of disease and premature 
deaths, and it is expected to have far more serious health impacts in the future. Some 
impacts are positive, like reduced deaths from cold spells, but more will be negative. 
Many millions of people will suffer from an impairment of their health and well 
being. A relatively well-studied issue is malaria. Although in some parts of Africa 
malaria transformation is likely to decline, the disease will spread into other areas not 
previously affected, such as highlands. Warming is expected to increase the 
population at risk by 220 to 400 million people overall. The drought problems and 
other agricultural impacts discussed above will lead to malnutrition for many people, 
impairing the healthy development of children. Extreme weather events will cause 
deaths, injuries, and disease outbreaks. 
A hotter climate is also bad for air quality. Summer smog from low-level ozone in 
cities is expected to increase strongly, worsening respiratory diseases and heart 
problems. A score of infectious diseases will spread their range in response to global 
warming, like diarrhea, food poisoning, and the Lyme disease and etc. 
If the response of human society to climate change is discussed, two fundamental 
options are usually distinguished: adaptation and mitigation. Mitigation refers to 
efforts to reduce the rate and magnitude fı climate change by reducing the emissions 
of greenhouse gases. Adaptation describes efforts to cope better with the 
consequences of a given climate change. Adaptation and mitigation are not 
alternatives; rather, there is a wide consensus amongst experts that both are essential. 
Climate is already changing and will continue to change for several decades at least, 
so it is inevitable that it is needed to adapt to these changes. 
Politically, there is a fundamental difference between mitigation and adaptation. A 
ton of carbon dioxide emitted anywhere in the world will be mixed throughout the 
atmosphere and remain there for decades. Mitigation therefore requires a level of 
global cooperation.  
Adaptation, on the other hand, is something that everyone can do for their own 
benefit. Adaptation also needs international collaboration, since many poor countries 
have insufficient resources for proper adaptation measures.  By the way, it should not 
to be forgotten that those countries are usually only responsible for a very small 
portion of greenhouse gas emissions. 
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2.1.4 Climate Policy 
Greenhouse gases arise out of every nation, from every city and village, and are 
quickly dispersed. Fossil fuel burning and tropical deforestation, the leading causes 
of greenhouse gas emissions, are geographically widespread. Other human activities 
that bear on climate also occur around the world. Given that the atmosphere and 
oceans rapidly transform and transport greenhouse gases, this planetary condition 
necessities a planetary response. Thus, climate change policy is a far broader matter 
than any environmental or economic issue tackled at a national or subnational level. 
In 1992, at the Earth Summit in Rio de Janeiro, almost all nations of the world signed 
an agreement unique in the history of mankind: the United Nations Framework 
Convention on Climate Change (UNFCCC). Its Article 2 calls for: 
“… stabilization of greenhouse gas concentrations in the atmosphere at a level that 
would prevent dangerous anthropogenic interference with the climate system. Such a 
level should be achieved within a time-frame sufficient to allow ecosystems to adapt 
naturally to climate change, to ensure that food production is not threatened and to 
enable economic development to proceed in a sustainable manner.” 
Kyoto Protocol was signed in 1997, in which industrialized nations agreed to cut 
their greenhouse gas emissions on average by an initial 5 percent below 1990 levels 
before 2012. This was to be the first of a series of international agreements made to 
reach the goal of the UNFCCC quoted above. The case for common but 
differentiated responsibility becomes even more obvious when once considers that 
the relative contribution to global warming in correlated with the ability to pay for 
mitigation. The impacts of climate change will also be unevenly distributed among 
nations and sectors of the economy, making equity – fairness – an issue comparable 
to efficiency in dealing with climate policy. 
International climate change policy increasingly will have a central tension revolving 
around these global equity concerns. Every country has an obligation and a 
responsibility to be involved in building resolutions, but the level of obligation won’t 
be equal for everyone. This will be complicated by at least two other factors. First, 
wealthy countries are in a position of competitive negotiating advantage. The second 
is that in coming decades, wealthier economies probably will accelerate their 
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decarbonization while emerging and modernizing economies increase their carbon 
emissions. 
According to recent data about climate change, it seems almost impossible to global 
warming below 1.5 °C, while it seems very risky to exceed the 2 °C level. It appears 
that humanity only has a rather narrow “landing strip” for the climate of home planet. 
Based on this reasoning, many countries have adopted stopping global warming at a 
maximum of 2 °C above the preindustrial temperature level as their climate policy 
goal. The European Union has adopted the 2-degree-limit in it Council decision of 
1996 and reaffirmed it several times since then. Over 130 countries support this or a 
lower goal. 
Figure 2.7 shows global greenhouse gas emissions in the absence of additional 
climate change policies: six illustrative IPCC Special Report Scenarios (SRES) 
marker scenarios (colored lines) and 80th percentile range of recent scenarios 
published since SRES (post-SRES) (gray shaded area). Dashed lines show the full 
range of post-SRES scenarios. The emissions include carbon dioxide, methane, 
nitrous oxide, and fluorinated greenhouse gases. 
 
Figure 2. 7 : Scenarios for greenhouse gas emission from 2000 to 2100 in the 
absence of additional climate policies (Climate Change Synthesis 
Report). 
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Climate policy targets will no doubt continue to be debated and adjusted in coming 
decades as more data come in. But regardless of the exact numbers, it is clear that as 
soon as possible it is needed to reach a turning point where emissions are actually 
starting to fall – waiting for another decade while emissions area growing further will 
make it extremely hard to stay below 2 °C without draconian and costly measures. 
The emission cuts needed by mid century, with a growing world population and 
economic development, will require a fundamental transformation of energy system, 
as well as transition to sustainable land use practices. Reaching a target of 50-85 
percent cuts by 2050, as will be needed to star below 2 °C limit, will require to start 
now, so that the transition can be made gradually at a rate about 2 percent reduction a 
year. This makes it cost-effective, using the normal replacement cycles of equipment 
such as motorcars, power stations or refrigerators. 
2.2 Resilient Cities 
In literal meaning resilience is the capability of a strained body to recover its size and 
shape after deformation caused especially by compressive stress; an ability to recover 
from or adjust easily to misfortune or change. The origin of resilience is resilient and 
the meaning of this word is being capable of withstanding shock without permanent 
deformation or rupture; tending to recover from or adjust easily to misfortune or 
change. (Source: Merriam-Webster dictionary)  
So, resilience in general meaning is about surviving, lasting, making through crises. 
Resilience can also be applied to cities. Cities have been destroyed throughout 
history – sacked, shaken, burned, bombed, flooded, starved, irradiated, and poisoned 
– they have, in almost every case, risen again. As a statistical survey determined, 
only forty-two cities worldwide were permanently abandoned following destruction 
between years 1100 and 1800. After about 1800’s, resilience became a nearly 
universal fact of urban settlement around world. On the other hand, cities such as 
Baghdad, Moscow, Mexico City and Budapest lost between 60 and 90 percent of 
their population due to wars, yet they were rebuilt and eventually rebounded. We can 
also mention a recent example from Turkey, in 1999; Golcuk Earthquake caused 
17480 deaths, 23781 injuries, 505 people’s injuries had resulted with disabilities, 
285211 resident building and 42902 commercial building had been destroyed 
(according to official reports). Unofficial numbers are a little different, about 50000 
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deaths, 100000 injuries have been mentioned. Also 133683 collapsed buildings left 
600000 people homeless. Almost sixteen million people have been affected because 
of this earthquake in different levels. But cities that have been destroyed with Golcuk 
earthquake have also risen again. 
There are other facets to resilience phenomenon. Even as contemporary places 
rebuild following devastation, many of the places destroyed in more distant eras – 
Roman cities such as Pompeii or Algeria’s Timgad or the pre-Columbian settlements 
of Americas – persist in a different mode. Such “lost cities” are recovered as sites for 
tourism, education, remembrance, or even myth. 
Subjected to everything from earthquakes to smart bombs, cities are among 
humankind’s most durable artifacts. Whether they are reconstructed to accommodate 
and restore ongoing urban life or rebuilt to serve as sites for periodic visitation and 
commemoration, is has become exceedingly rare for a major city to be truly or 
permanently lost. 
Cities need to last, to respond to crises and adapt in a way that may cause them to 
change and grow differently; cities require an inner strength, a resolve, as well as a 
strong physical infrastructure and built environment. The near or total collapse of 
many cities has been rooted in fear; health threats like plague or yellow fever have 
struck cities and emptied them of those with resources to escape, leaving only the 
poor behind. Invading armies have destroyed cities by sowing fear before an arrow 
or shot was fired. The racial fears of a generation in American cities decanted 
millions to the suburbs and beyond. Perhaps the biggest fear today in many cities is 
terrorism. In New York after 9/11, fear stopped people from congregating on streets 
or using subway and sent many urban dwellers scurrying for the suburbs, but the city 
proved to be resilient and resisted collapse. After the terrorist bombings in London, 
the city immediately steeled itself to be normal, to resolve to go to work and to use 
the subway; signs appeared everywhere: “7 million Londoners, 1 London”. 
A danger that few think about with such immediacy is the threat of the collapse of 
our metropolitan regions in the face of resource depletion – namely, the reduction in 
availability of oil and the necessary reduction in all fossil fuel use to reduce human 
impact on climate change. Understanding the implications of our actions and finding 
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right steps can take us to create resilient cities in the face of peak oil and climate 
change. 
Cities have grown rapidly in the age of cheap oil and now consume 75 percent of the 
world’s energy and emit 80 percent of the world’s greenhouse gases (Caroline Ash, 
Barbara R. Jasny, Leslie Roberts, Richard Stone, and Andrew M. Sugden, “ 
Reimagining Cities” Science special issue 319, no. 5864, February 8, 2008; 739). 
Cities are presently growing globally at 2 percent per year (over 3 percent in less 
developed regions and 0.7 percent in more developed regions), while rural areas have 
leveled out and are in many places declining. For the first time, half of humanity 
lives in cities, and it is estimated that by 2030 the number of city dwellers will reach 
five billion, or 60 percent, of the world’s population (Worldwatch Institute, State of 
the World 2007: Our Urban Future – New York: W.W. Norton 2007). 
Urbanization has been happening since the Neolithic revolution when agriculture 
enabled food surpluses to create a division of labor in settlements. The unlocking of 
human ingenuity to work on technology, trade, and urban culture has created ever-
expanding opportunities in cities. However, while some cities took advantage of 
these new opportunities, many remained as little more than rural trading posts. Urban 
opportunities accelerated with Industrial Revolution and more recently with the 
globalization of the economy. But again not every city has taken advantage of these 
opportunities. Some cities such as Liverpool, Philadelphia, and Pittsburg, have 
struggled to adapt to the new opportunities and have relied for too long on outmoded 
methods of industrial production as the basis of their cities. Yet other cities, such as 
Manchester and New York, have made the transition and are thriving. 
Buildings produce 43 percent of the world’s carbon dioxide emissions and consume 
48 percent of the energy produced. It is projected that by shifting 60 percent of new 
growth to compact patterns in the United States will save 85 million metric tons of 
carbon dioxide annually by 2030 (Ed Mazria, Urban Land, November/December 
2007, 35). Nations can do a lot to help or hinder these efforts, but the really 
important initiatives have to begin at the city level because there is great variation in 
how cities cope with issues within any nation. 
Since the devastation of many Gulf Coast cities from Hurricane Katrina in 2005, the 
Indian Ocean tsunami of 2004 that impacted eleven countries, and the Burmese 
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cyclone of 2008, resilient cities have most often been discussed in relation to the 
city’s ability to respond to a natural disaster. In this thesis an expanded definition is 
used, it is to include a city’s ability to respond to a natural resource shortage and 
respond to the recognition of the human impact on climate change. There is a debate 
about the link between climate change and natural disasters, which has been renewed 
as scientists try to understand the increasing incidence of devastating natural 
disasters, such as the super cyclones that devastated New Orleans and Myanmar 
(“Climate Link with Killer Cyclones Spurs Fierce Scientific Debate”, Agence 
France-Presse (AFP), May 6, 2008). 
This thesis focused on the idea of resilient cities as those that can substantially 
reduce their effect on climate change. Resilient cities have built-in systems that can 
adapt to change, such as diversity of transport and land-use systems and multiple 
sources of renewable power that will allow a city to survive shortages in fuel 
supplies. 
In a resilient city every step of development and redevelopment of the city will make 
it more sustainable: it will reduce its ecological footprint (consumption of land, 
water, materials, and energy, especially the oil so critical to their economies, and the 
output of waste and emissions) while simultaneously improving its quality of life 
(environment, health, housing, employment, community) so that it can better fit 
within the capacities of local, regional, and global ecosystems. Resilience needs to be 
applied to all the natural resources on which city rely. 
In resilience thinking the more sustainable a city the more it will be able to cope with 
reductions in the resources that are used to make the city work. Sustainability 
recognizes there are limits in the local, regional, and global systems within which 
cities fit, and that when those limits are breached the city can rapidly decline. The 
more a city can minimize its dependence on resources such as fossil fuels in a period 
when there are global constraints on supply and global demand is increasing, the 
more resilient it will be. Atlanta needs 782 gallons of gasoline per person each year 
for its urban system to work, but in Barcelona it is just 64 gallons. With oil supply 
cuts and carbon taxes the decline in availability of oil will seriously confront Atlanta, 
yet Barcelona is likely to cope with ease. Both cities will still need to have plans in 
place that help their citizenry cope with such a disturbance (Data on fuel use in cities 
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are from Kenworthy, Laube, Newman, Barter, Raad, Poboon, and Guia, 1960 – 
1990; Boulder, 1999; Newman, Kenworthy, 2007; Ewing, 2007). 
2.2.1 Importance of Resilient Cities 
As mentioned above cities and the life style in the cities have big impact on climate 
change. The need to reduce oil dependence in urban regions is specifically important 
to reduce the carbon dioxide emission. 
First of all, reducing oil use will reduce impacts on the environment. Oil use is 
responsible for approximately one-third of greenhouse gases. Transport greenhouse 
is seen as the most worrying part of the climate change agenda as it continues to 
grow during a period when more renewable or efficient options are available. 
Reducing oil use is also a political necessity. The waning of petroleum resources and 
the global climate change will cause an increase in oil prices. In the U.S. the $100 a 
barrel oil barrier has been broken and some analysts are saying that it could go over 
$300 within five years. 
Reducing oil use and investing in green cities and buildings will reduce impacts on 
human health. Growing use of vehicles is washing out improvements in urban air 
quality from technological advances. 40 percent of the United States is over the 
required standards on air quality. Developing cities need to lower air emissions as 
they are usually well above WHO recommended health limits. In United States 
buildings account for 36 percent of energy use and 30 percent of greenhouse gas 
emissions. The immediate benefits of natural sunlight go beyond energy savings and 
reducing impact on climate change. 
The urban heat island effect from the waste heat generated has also been a problem. 
For example, this has been motivation for Mayor Daley in Chicago to green his city 
after an extreme summer heat wave proved to be fatal. 
The inequities of heavily car dependent cities for the elderly, the young, and the 
poor, will be reduced by greater walkability and transit access; the social issues such 
as noise, neighborhood severance, road rage, and loss of public safety will be 
reduced; the economic costs from loss of productive agricultural land to sprawl and 
bitumen, the costs of accidents, pollution, and congestion, will be reduced with 
reduced oil use. Excessive dependence on oil is also making cities and their residents 
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vulnerable because of increases in costs. A detailed study shows that working 
families with household incomes between $20,000 and $50,000 spend almost 30 
percent of their income on transportation. 
Most importantly, resilient cities will be better places to live. The many benefits of a 
resilient city include greater overall physical and emotional health; ease of movement 
in higher density, mixed-used communities that are walk-able and have accessible 
transit options; better food that is produced locally and is therefore fresher; efficiency 
of energy resources, greater affordability, healthier indoor environments; easier 
access to natural environments; and more awareness of the local urban area and its 
bioregion enabling to have a greater sense of place and identity. 
Most cities have strategic plans based on coping with anticipated growth population, 
and a growing number of cities have sustainability plans to handle this growth in an 
environmentally manner. Cities cannot be separated from their hinterlands and 
bioregions. Although rural regions have generally been declining and are at least 
static, they also have increased in their oil dependence. Especially suburb areas of the 
cities don’t have a developed public transportation system to their residents as an 
alternative. 
2.2.2 Climate Change Effect on Cities 
Although city dwellers emit less carbon on a per capita basis, the rapid urbanization 
of the globe means cities are emitting more carbon as a whole – accounting for close 
to 80 percent of all carbon dioxide, and contributing significantly to other greenhouse 
gases. Cities also provide the greatest opportunity to lessen emissions due to the 
high-density development, walkability, and availability of or potential for mass 
transit. The activities that produce the greatest contribution to global warming are 
concentrated in urban areas – transport, industry, buildings (in the United States: 
industry, 30 percent; transportation 28 percent; commercial, 17 percent; residential 
17 percent; and agriculture, 8 percent). 
Studies show that higher-density development results in lower greenhouse gas 
emission from transport. Most programs to reduce emissions in transportation focus 
on vehicle fuel efficiency; however, studies show that increased dependence on the 
automobile will wipe out any gains from vehicles that offer greater fuel efficiency. 
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“The U.S. Department of Energy’s Energy Information Administration (EIA) 
forecasts that driving will increase 59 percent between 2005 and 2030, outpacing the 
projected 23 percent increase in population. The EIA also forecasts a fleet wide fuel 
economy improvement of 12 percent within this time frame. Despite this 
improvement in efficiency, carbon dioxide emissions would grow by 41 percent” 
(Norman, Heather, MacLean, Kennedy, Journal of Urban Planning and 
Development 132). This will not be allowed to occur if the international governance 
system is given any credence over climate change. 
Global governance is now focused on how the world will prevent atmospheric 
average temperatures from increasing bu more than 2 to 2.5 °C. Beyond this there 
will be a loss of over one quarter of the world’s biodiversity, and storms and 
hurricanes will become so intense that whole coastal areas will have to be 
abandoned, including many of the world’s greatest cities. 
According to the IPCC, preventing this rise in temperature will require the world to 
reduce greenhouse gas emissions by at least 50 percent by 2050. The world’s cities 
now must face the policy challenge of peaking consumption of fossil fuels followed 
by an inevitable, exponential decline, in part due to the peaking of supplies in oil and 
natural gas. 
2.2.3 Peak Oil 
“Peak Oil” refers to the “maximum rate of the production of oil in any area under 
consideration, recognizing that it is a finite natural resource subject to depletion” 
(Association of the Study of Peak Oil and Gas – ASPO – Url-29). 
Every oil producer knows that every oil field has a production cycle that goes 
through increase – peak – decline. When oil fields in a region are aggregated 
geophysicists can model and predict when the area will peak and decline. While new 
technologies might extend their lifetimes, all oil fields eventually decline. Although 
half of the oil remains at the peak in production, the other half of the oil becomes 
harder to extract, as it increasingly fill with water and requires more energy to be 
pumped out. Eventually, as wells area abandoned, the region loses its importance and 
drilling moves to other regions, often in increasingly more difficult and often 
sensitive areas. 
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The idea of peak oil dates back to 1956 when a geophysicist for Shell Oil in Houston, 
Texas, Marion King Hubbert, suggested that oil production in any region would 
follow a bell-shaped curve with a peak followed by decline.  
The United States, he said, would peak in oil production in 1970. Despite being 
greeted with derision by many economists who believed that any supply issue would 
follow demand, the peak happened as predicted, and U.S. oil has continued to decline 
ever since despite a series of incentives and subsidies. The same thing is now 
happening to world oil. Global discoveries have been on the decline since the 1960’s. 
Enormous effort has gone into trying to discover new oil reserves and to extract more 
from the reserves that remain. The discovery of new oil reserves is now growing at a 
much slower rate than oil is being consumed. According to Jim Buckee the CEO of 
the Canadian oil firm Talisman: 
“Even with all the improved technology and continued exploration, we haven’t 
reserved, or even really affected, the general downward trend from the global peak in 
oil discoveries that occurred in 1965. That suggests the problem is geological, rather 
than a human inability to find it. It’s not there to be found.” 
There are serious questions about whether further expansion of cities is possible 
based on petroleum-dependent buildings and transportation. Even before the 
oil/climate crisis there were real limits setting in to the sprawl of cities, in part due to 
increased recognition of the economic, health, and environmental costs of sprawl.  
Now they must be accepted as the agenda that will define their future economics. It 
will not be possible, for example, to have cities adapt overnight to 5 or 10 percent 
cuts in supply without experiencing significant hardship. Thus it is essential to begin 
the process of decarbonizing and reducing dependence on petroleum in cities as soon 
as possible. 
So using oil as an energy source is not only the biggest impact on climate change, but 
since it also will be gone in the future, it is an obligation to use renewable and 
environment-friendly energy sources and change into a life-styles that dependence 
much less on oil. Building resilient cities is needed to avoid a possible collapse due 
to their vulnerability from dependence on fossil fuels.  
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2.2.4 How to Make a City Resilient? 
As mentioned previously, even though climate change is a worldwide issue, 75 
percent of all greenhouse gas emissions are generated in the world’s urban areas. 
Reducing energy use and emissions in cities therefore fundamental in any effort to 
reverse the trajectory of global warming. Just one city cannot do this but the 
collective actions of cities across the world can make a different. 
Cities have a big potential to be green, because they have a compact environment 
with many shared services. A developed transit infrastructure results in fewer 
automobile miles traveled per person. Smaller dwelling units, especially when they 
are attached, result in lower energy use per person. 
Local governments and agencies have great influence over their city’s greenhouse 
gas emissions. They can enhance the energy efficiency of buildings through codes 
and ordinances. They own or manage landfills and waste treatments plants, and these 
are significant sources of methane gas. Local governments operate public transport 
and maintain its infrastructure; they also determine land use policies. City purchasing 
power can affect markets for vehicles, new technologies and eco-friendly equipment 
and practices. Cities also publicize information about their efforts, spurring further 
action around globe. 
Since the reality of climate change has grown more apparent, cities have become 
increasingly involved in solutions. Many mayors in U.S. are spearheading emission 
or energy reduction initiatives. Chicago’s Mayor Daley was one of the first to sign 
U.S. Conference of Mayors Climate Protection Agreement, which has been signed 
by 780 other mayors, including 24 in Illinois. Late in 2007, more than 100 of these 
mayors asked for a federal partnership to boast energy independence and avert the 
worst impacts of global warming. The 40-member Large Cities Climate Leadership 
Group, including Chicago, partnered with the Clinton Climate Initiative to develop 
ways for cities to measure emissions, band together to purchase technology at a low 
cost and finance emissions reduction programs. 
Other than solving a global issue, cities and their residents can immediately benefit 
from their efforts to reduce emissions. As first result better air quality, which leads to 
improved health for everyone. Raising the energy efficiency of buildings saves 
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money, lowers housing costs for families and creates jobs, especially for local 
businesses. 
It is important to know that the impact of any individual city on climate change is 
limited; to achieve progress; all cities, states and nations have to act and work 
together. 
To make a city resilient the buildings need to become much more energy efficient; 
clean and renewable energy sources needed to be found and used; transportation 
options must be improved; waste and industrial pollution must be reduced; and the 
city need to be able to adapt. 
In a resilient city; people will have access to jobs and services by transit or walking. 
Green building design and renewable fuels will be a part of every neighborhood. The 
city will develop new rail links to all parts of the city; walk-able centers will be 
created across the city-region using the best green buildings and infrastructure. In the 
areas between the intensively developed transit centers and corridors, urban eco-
villages will be established to help manage the city’s ecological functions such as 
extra renewable energy production and water and waste recycling; these will be 
linked into a citywide green infrastructure system through improved control systems 
and local management. Urban eco-villages will also grow specialized agricultural 
produce and manage areas of urban biodiversity, which will be largely self-sufficient 
though they will still be within reasonable distance of the city for many urban 
functions. 
In the rural regions around cities most agricultural and forestry production will focus 
on food and fiber and biofuels for the city and its region, thus reducing food and fiber 
miles. The manufacturing of products will become more localized and be more 
biologically based to replace petrochemicals. The towns where goods area produced 
will be well linked by freight rail to the city. Mining and tourism similarly will cut 
back significantly in the amount of fuel the industries use and there will be a shift 
toward more local employment, natural gas and then hydrogen with the investment in 
new technology. 
This kind of transition has been referred to as the Sixth Wave of industrialism 
because it is a complete reorientation of industrial society to a different set of 
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technologies and a rethinking of cities have been recognized. Each of the waves is 
distinct in the technology introduced and the form city has taken. 
During the first wave of industrialism, between 1785 and 1845, cities were 
traditional walking cities with some use of horses and carriages while new industries 
began to develop along rivers and canals using waterpower. With the second wave, 
between 1845 and 1900, cities spread out along the railways of the steel and steam 
era. The third wave, between 1900 and 1950, came with electricity and the internal 
combustion engine, which resulted with electric tramway built. These cities followed 
linear development patterns along the tramways like European cities had done with 
railway systems. At the same time the first cars and buses were appearing though 
they did not began to shape the city form until the fourth wave, which has dominated 
by cheap oil and which enabled cities to spread and sprawl in every direction 
between 1950 and 1990. Thus was created the automobile city that confronts us 
today with the challenge of fossil fuel reduction. The fifth wave of Internet and 
digital technologies has replaced the old industrial manufacturing centers of cities 
with knowledge jobs, thus helping to minimize some of the sprawl and spur the 
renewal of these older industrial sites. However the fifth wave still had cheap oil 
enabling cars to further dominate cities. 
The sixth wave coincides with the end of cheap oil. It is the beginning of a new era 
or resource productivity and investment in a new series of sustainability technologies 
related to renewables and distributed, small-scale water, energy, and waste systems, 
all of which are more local and require far less fuel to distribute. 
This all means the city can become much more polycentric. The transport systems 
that support such polycentric appear to be new electric transit systems for fast cross-
city movement and a series of small-scale electric and hybrid vehicles for small local 
trips as well as walking and cycling, which have survived all the city form changes. 
The polycentric centers and the remaining suburban buildings all need to be renewed 
with solar and other eco-technologies of the sixth wave. It is clear that the changes 
needed for the resilient city are not just technological substitutions, they are in the 
business paradigms, the culture of the utilities that will provide the infrastructure, 
and the organization that can enable new ways of managing our cities; every 
householder needs to be part of it. The resilient city will require changes at all levels 
of our urban economies. 
 44 
Bike paths, car-free streets, solar homes and stores, recreation areas, parks, or a free 
tram to reach places too far to walk or bike, local farmers markets, buying 
bioregional produces are a vision for a resilient cities. But this is a common scene in 
Vauban, a development of five thousand households on a former military base in 
Freiburg, Germany. Vauban is considered a model ecological community that is 
being studied with increasing interest as the economic, health, and environmental 
costs of car dependence.  
The positive examples that illuminate the steps toward resiliency by a mixture of 
visionary grassroots initiatives demanding more options for sustainable living and 
transport, innovative business, and strong political leadership offering incentives or 
regulating for more livable, sustainable environments from the regional to the 
building level. 
There are many ways to shift to resilient cities. First of all, using renewable energy 
sources instead of using fossil fuels. This has to be done from the region to the 
building level and it will require much more greater levels of commitment from cities 
themselves – from local governments and municipalities, large and small, that make 
up metropolitan areas. This influence can only be considerable, especially in large 
cities, and where localities join together. This requires that cities recognize, the links 
between transport and solar energy. All of the transport decisions and investments 
should be seen as opportunities to invest in renewable and to move cities in the 
direction of low oil dependence. 
Strong political support is needed to create the infrastructure for solar and wind 
power at the scale necessary to help power a city. While finding locations for large 
wind farms near urban areas has been controversial, there are significant 
opportunities to harness solar and wind power. Hydropower is also an alternative to 
renewable energy sources. Few people see much more potential for hydropower due 
to the impact of large damns, but the role of geothermal power appears to be offering 
a similar level of base load renewable power. 
A handful of cities around the world participated in world solar city conferences in 
which initiatives and goals to becoming a “solar city” discussed and Chicago is one 
of these cities that will be explained in case study section. These cities are utilizing a 
variety of strategies and taking a number of positive steps to advance solar power 
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and renewable energy. These municipal efforts demonstrate the considerable role 
cities can play in forging a renewable energy path. Renewable energy production can 
and should occur within cities, integrated into their land use and built form, and 
comprising a significant and important element of the urban economy. 
The shift in the direction to renewable cities can occur through many actions taken: 
demonstration solar or low energy homes created to show architects, developers, and 
citizens that green can be appealing (e.g. Chicago and Freiburg, Germany), 
procurement actions that source regionally produced wind and other renewable 
energy to power municipal lights and buildings, and locally and regionally produced 
food for schools and other public venues; green building standards, which at the 
highest level require renewable energy, for all new public as well as private buildings 
(many cities such as Chicago and Seattle now mandate minimum Leadership in 
Energy and Environmental Design (LEED) green building certification for new 
public structures). 
Many green building initiatives have already been mentioned, and this is where the 
greatest movement toward an urban renewable energy future has occurred. At the 
building level it is easier to integrate the necessary technology into new construction, 
and design improvements are easier sell as the cost benefits are proven. Cleaner 
energy sources also minimize the carbon footprint of buildings. 
San Francisco and Chicago have both installed photovoltaic (PV) systems on the 
rooftops of public structures (most notably the Center for Green Technology in 
Chicago). The Center for Green Technology has LEED Platinum rating. As part of 
the project’s water management system, a solar-powered fountain uses rainwater 
collected from the roof of the building, this structure will also be more explained in 
case study structure. Along with incentives (financial and otherwise), renewable 
cities recognize the need to set minimum regulatory standards. 
Another issue to become resilient is having a carbon neutral surrounding. Many 
businesses, universities, and households are committing to minimizing their carbon 
footprint and even becoming carbon neutral. Becoming carbon neutral for urban 
development will require the following steps. Reducing energy use wherever 
possible is the beginning especially in the building and transport sectors, then using 
renewable energy sources while being careful that the production of the renewable 
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energy sources is not contributing significantly to greenhouse gases and finally 
offsetting and carbon dioxide emitted through purchasing carbon credits, tree 
planting, or other renewable options. 
Carbon neutral strategies are an important part of the policy agenda for local 
governments and city-regional governments, not only for lessening the impact on 
climate change, but also for reducing the dependence on oil. 
Cities also need to shift from large centralized power, water, and waste systems to 
small-scale and neighborhood-based systems to become resilient. Most power 
systems for the past hundred years have become bigger and more centralized. Post-
peak-oil, low-carbon cities assume a more decentralized energy production system, 
using smaller-scale technologies, where production is more neighborhood-based and 
relatively small-scale. Whether a wind turbine, small biomass combined heat and 
power (CHP) plant, or a rooftop photovoltaic system, renewable energy is produced 
closer where it is consumed. This approach is often referred to as “distributed 
energy” or “distributed generation” and offer a number of benefits, including energy 
savings through the ability to better control power production, lower vulnerability, 
and greater resilience in the face of natural and human-caused disaster (including 
terrorist attacks). The same idea is being used for water and waste too. Clever 
integration of these small power plants into a grid can be achieved with new control 
systems that balance demand and supply from a range of sources as they rise and fall. 
Small-scale energy systems are an essential part of the resilient city of the future. 
The cost of providing the infrastructure necessary for distributed power, water, and 
waste systems is not a significant issue. For example, in Hopetoun, a remote 
settlement in Western Australia, a mining company and the state government had to 
assess how best to build the town’s infrastructure to support a large influx of people 
for new mining venture. They assessed three options: centralized, distributed, and 
decentralized (household based). The results showed the distributed option was half 
the cost of the other and would save $0.5 billion. However, the utilities were not 
keen to do it as they were not familiar with the approach (Williams, 2008). 
While many sense that renewable energy techniques and technologies are potentially 
quite useful, others argue that they are for the most part not suited to urban settings, 
where significant numbers of people live and where development patterns may be 
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quite dense. Part of the paradigm shift will involve refuting or moving beyond this 
aversion to urban settings as the sites for production. Large solar production projects, 
for instance, or wind energy farms require relatively remote sites (in part to minimize 
perceived conflicts with residents and communities). But today there are photovoltaic 
on rooftops, micro turbine wind systems on roof ridges and edges to buildings, 
geothermal power and air conditioning from shallow hot water, and small wave 
power technologies that can feed directly into coastal cities. Integrating renewable 
energy sources into urban areas is not only a necessary for resilience but makes 
energy, and solar energy in particular, a visible part of communities. There are many 
ways that small-scale solar projects can be incorporated into an urban area and there 
is increasing number of good case studies showing the possibilities. 
To move the implementation of distributed infrastructure beyond few cities, utilities 
will need to develop models with city planners of how they can do local energy 
planning with community-based approaches. They will need to coordinate with local 
management to ensure that the best features of renewable energy are integrated in a 
way that is coherent and technically acceptable. The same opportunities exist for 
water utilities, but the issue of peak oil and climate change should compel energy 
planners to more urgently adjust to this new localized planning agenda of the 
distributed city. 
There has been a positive trend in planning in the direction of an expanded notion of 
urban infrastructure to include the idea of “green infrastructure” (Benedict and 
MacMahon, 2006). Green infrastructure refers to the many green and ecological 
features and systems, from wetlands to urban forests, that provide a host of benefits 
to cities and urban residents – clean water, stormwater collection and management, 
climate moderation, and cleansing of urban air, among others. This understanding of 
green infrastructure as part of the working landscape of cities and metropolitan areas 
does not yet extended to include the sources of renewable energy, or local food and 
fiber, as potential green infrastructure. That is referring to this expanded definition of 
green infrastructure as “photosynthetic” infrastructure (Newman, Beatley, Boyer, 
2009). 
The potential to tap the sun, wind, and geothermal for renewable energy, the use of 
corps (like the biofuel industry) and wood shows promise for small-scale, 
decentralized use. The transportation of fuels will need to be tailored to new corps 
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and forests that can feed into new ways of fueling buildings and vehicles. The notion 
of viewing farms and landscapes, open areas in and around cities, as potential 
sources of renewable energy, especially the production of bio-crops and biofuels. 
The link between city and hinterland can be built into a closer relationship in the 
resilient city of the future. This will mean more intensive greening of the lower-
density parts of a city for better transit and walkability. Growing corps for fuel in 
urban areas must be balanced with the need to grow food locally in these areas. 
Ideally fuel would be generated from byproducts of these efforts. 
The metropolitan landscape can be viewed as the pallet for a creative mix of solar 
design and renewable energy projects, and every city and region will have its own 
special opportunities and local resources. One of the most important potential biofuel 
sources of the future will be blue-green algae that can be grown intensively on 
rooftops. Blue-green algae can photosynthesize requires only sun, water, and 
nutrients. The output from blue-green algae is then times faster than most other 
biomass sources so it can continuously cropped and fed into a process for producing 
biofuels or small-scale electricity. Most importantly city buildings can all utilize their 
roof to tap solar energy and use it for local purposes without the distribution or 
transport losses that is so apparent in our cities today. 
Municipal comprehensive plans typically inventory and describe a host of natural 
and economic resources found within the boundaries of a city – from mineral sites to 
historic buildings to biodiversity – but estimating incoming renewable energy (sun, 
wind, wave, biomass, or geothermal) is usually not included. The first step for any 
city is to see its potential renewable sources. It can be said that this is natural 
extension of the shift in urban planning toward a multiple-use, mixed-use view of 
cities and regions (integrating power production in a vertical as well as a horizontal 
mix). 
Cities need to find creative ways to promote urban farming where it is feasible and 
not in tension with the need to develop for reduced car dependence. A city can utilize 
the many vacant lots for commercial and community farms in the areas that have 
been blighted (e.g. the estimated seventy thousand vacant lots in Chicago alone). 
However if these areas are well served with good transit and other infrastructure then 
such uses should be temporary and indeed can be a part of rehabilitation of an area 
leading to redevelopment of eco-villages that are car free and models of solar 
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building. Many cities have embarked on some form to effort to examine community 
food security and to promote more sustainable local and regional food production. 
These can be integrated into ecologically sustainable urban rehabilitation projects. 
Localizing much of the production of fiber and building materials provides 
tremendous new opportunities to build more sustainable place economies. 
Reductions in the energy consumed by transporting these materials are the primary 
benefit, but local economies can also become more resilient in the face of global 
economic forces. This is also about reforming lost connections to place, to sustaining 
landscapes, and ultimately to human relationships. 
A more integrated notion of energy entails seeing cities as complex metabolic 
systems with flows and cycles and where the things that have traditionally been 
viewed as negative outputs are re-envisioned as productive inputs to satisfy other 
urban needs, including energy. The sustainability movement has long been 
advocating a shift away from the current view of cities as linear resource-extracting 
systems. This is often described as the eco-friendly agenda (Newman and 
Kenworthy, 1999; Girardet, 1992; Newman and Jennings, 2008, ibid.). 
The United Nations and the World Business Council on Sustainable Development 
have taken up the eco-friendly agenda, with a target for industrialized countries of a 
tenfold reduction in consumption of resources by 2040, along with rapid transfers to 
knowledge and technology to developing countries. The eco-friendly agenda 
includes William McDonough’s “cradle to cradle” concept for the design of all new 
products, and ideas from industrial technology where industries share resources and 
wastes like an ecosystem. 
The new archetype of sustainable urban metabolism will require profound changes in 
the way cities and metropolitan regions are conceptualized as well as in the ways 
they are planned and managed. New forms of cooperation and collaboration between 
municipal agencies, various urban actors, and stakeholder groups will be required; 
for instance, municipal departments will need to formulate and implement integrated 
resource flows strategies. New organizational and governance structures will be 
necessary as well as new planning tools and methods. 
Local economic development has many advantages, including creating more local 
jobs. Finding ways to help facilitate local enterprises becomes a major achievement 
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in moving toward a less oil-constrained community. The first priority of most city 
officials is local economic development. Energy expenditures represent a significant 
economic drain, as the energy often goes far beyond the community and region. 
Producing power from solar, wind and biomass in the locality or region has the 
power to generate local jobs and economic revenue for lands and landscapes 
(farmlands) that might otherwise be economically marginal, and recirculate dollar 
with an important economic multiplier effect. 
Resilience requires communities to be real and adaptable to whatever threat comes 
along. Resilient cities will have strong social capital, which will strengthen their 
ability to respond to the challenge of rethinking how their city is powered, where and 
how their resources originate, and how they travel. These issues of change in how 
cities are managed and refueled are fundamental to how it is addressed peak oil and 
climate change. Change is not primarily about technology, but about how cities 
function at a basic cultural level. 
2.2.5 Importance of Transport in Resilient Cities 
Transportation accounts for 15 percent of carbon emissions worldwide. In the United 
States it is predicted to be the largest growth in terms of carbon dioxide emissions 
(between 1996 and 2020). Approximately 28 percent of all energy used in America is 
consumed by transportation. This reflects a growth of 17 percent in transportation 
energy between 1995 and 2005 and the continuing descent of American cities into 
car dependence. 
There are many reasons – environmental, economic, health, and social – to overcome 
car dependence. A city needs many kinds of transportation and land use options, to 
be resilient. If a city has an accessible, efficient, affordable transit system that can be 
expanded quickly to cope with increasing numbers, it will be much more resilient 
than one with a poor, largely inaccessible transit system that is quickly filled just as 
its highway systems fills every day (Allenby and Fink, 2005). 
People in cities on average are willing to travel around half an hour to work and half 
an hour home again. If the space between work and home is stretched too far, the 
time taken for travel begins to undermine people’s work performance and ability to 
contribute to family and community. 
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Historically this has meant that: 
• Walking Cities were (and are) dense, mixed-use areas of no more than five 
kilometers across. These were the major urban form for eight thousand years 
and in substantial parts of some cities like Mumbai and Hong Kong, the 
character of a walking city has been retained. In wealthy cities likes New 
York, San Francisco, Chicago, London, Vancouver, and Sydney, the central 
areas are mostly walking cities in character. 
• Transit Cities from 1850 to 1950 were based on trains and trams, which 
meant they could spread twenty to thirty kilometers with dense centers and 
corridors following rail lines and stations. Most European and wealthy Asian 
cities retain this form, and the old U.S., Australian, and Canadian inner cities 
also are transit oriented. Many developing cities in Asia, Africa, and Latin 
America have the dense corridor form of a transit city but don’t always have 
the transit systems to support them; thus they become car-saturated. 
• Automobile Cities from the early 1950s on; could spread fifty to eighty 
kilometers in all directions and at low density. U.S., Canadian, Australian, 
and New Zealand and many new parts of European cities began to develop in 
this way, but these new areas area reaching the limits of a half hour car 
commute as they sprawl outward. These are the most vulnerable areas to the 
oil peak. 
(Newman P., Beatley T., Boyer H., Resilient Cities Responding to Peak Oil 
and Climate Change; Island Press, 2009) 
Rapidly sprawling cities and newly developing megacities have already increased the 
time travel budget much more than half an hour. Invariably people will adapt by 
moving their housing or job or by finding better transportation options. But in most 
of the cases people prefer travelling long hours just to grow their children in places 
where they can find security and better education. In other words, even though most 
people work in the downtown regions in the cities, they choose to live in suburbs, 
which are car dependent, for their children. 
People will switch to transit systems if it is faster, cheaper, and accessible. Walk-able 
areas and cycling facilities, services and connectivity that can be accessed at most 
times of the day and night without time wasted are also important factors for better 
 52 
transport. Regional and local governance that can enable visionary green transport 
plans and funding schemes is needed to introduce. Also, phasing out freeways and 
phasing in congestion taxes that are directed back into the funding of transit and 
walk/cycle facilities as well as traffic-calming measures can be taken. Continual 
improvement of vehicle engines to ensure emissions, noise, and fuel consumption is 
reduced, especially a move to electric vehicles is important steps toward resilient 
cities transportation options. 
Cities need to have a combination of transportation and land-use options that are 
favorable for green modes and offer time savings when compared to car travel. This 
means transit needs to be faster than traffic down each major corridor. Those cities 
where transit is relatively fast are those with a reasonable level of support for it. 
With fast rail systems, the best European and Asian cities with the highest ratio of 
transit to traffic speeds have achieved a transit option that is faster than the car down 
the main city corridor. Rail systems are faster in every city by ten to twenty 
kilometers per hour over bus systems. Bus ways with a designated lane can be 
quicker than traffic in car-saturated cities, but in lower-density car-dependent cities it 
is important to use the extra speed of rail to establish an advantage over cars in 
traffic. 
Rail has a density-inducing effect around stations, which can help to provide the 
focused centers so critical to overcoming car dependence. Thus transformative 
change of the kind that is needed to rebuild car-dependent cities comes from new 
electric rail systems as they provide a faster option than cars and cam facilitate the 
building of transit-oriented centers. If electric rail systems are based on renewable 
electricity or green power, they don’t require oil or emit greenhouse gases. 
In many lower-density urban regions, especially those in the United States, many 
communities in need of transit do not have the density to make it feasible. Transit 
needs densities over thirty-five people and jobs per hectare (fourteen per acre) of 
urban land and for walking/cycling to be dominant require densities over one 
hundred people and jobs per hectare (forty per acre). Most new suburbs are rarely 
more than six or seven people and jobs per acre. Densities in urban areas need to 
increase to support transit and allow more people to live and work where they can 
have alternative transportation options. 
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Non-motorized transport, bikes and walking, need to be given priority over 
motorized vehicles, especially in dense centers. This can be done by dedicating 
whole streets to them or by making it more equitable for walking and cycling. 
However, this can only be done in dense centers where distances are short enough to 
walk or cycle. Whole streets or part of streets can be aside for non-motorized 
transport and can be easily justified in terms of the numbers of people assisted in 
most cities of reasonable density. Some cities are creating a network of green streets 
where cars and other motor vehicles are banned or significantly constrained. 
To enable travel time by alternative transportation modes to be competitive with cars, 
transit must not only be fast, but service must be efficient and convenient, and 
connectivity between various parts of the system must be seamless (Vuchic, 2005). 
It is possible to re-plan a city that has inadequate transit so that it is divided into a 
series of walk-able transit cities where local transit services link to faster service 
down corridors between each walk-able transit city. These local transit services can 
then go across the corridors by linking into stations in a coordinated way from many 
directions. This is akin to a fractal system. The centers become the basis of walking 
and cycling destinations. Thus suburbs that have in the past been disconnected and 
car dependent can now be integrated into a non-car-based set of sustainable transport. 
These plans are needed to make transit systems work, but in the end the level of 
service provided will depend on how much the city is willing to spend on its trains 
and buses. 
Freeways are usually proposed to help ease congestion and are considered to save 
time, fuel, and emissions by avoiding stopping, starting, and idling. Traffic planners 
use benefit-cost analyses based on these simple ideas to justify the large capital cost 
of freeways. The data show that cities with higher average speeds use more fuel per 
capita as the faster roads just mean people travel farther and more frequently by car 
(Newman and Kenworthy, 1999). 
Increasing taxes and external cost of motor vehicles are alternatives to reduce the car 
usage and this has been done in Greater London. The London initiative ringed the 
inner city with sensors that enabled people to pay automatically or to fine those who 
did not pay when they crossed the cordon into the main part of London. Most 
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importantly the program put the money raised back into better transit. The result was 
a 15 percent reduction in traffic and much better bus service. 
Most cities that have confronted proposed freeways have become global leaders in 
green transportation. These cities were either faced with a new freeway that was 
ultimately defeated or tore down an existing freeway that was cutting through city or 
blocking access to a natural amenity. 
The next agenda for cities seriously confronting the oil crisis will be to remove some 
freeways. In the process of building fast rail down some freeways it is possible to 
turn the auto-oriented road into a system that is also compatible with biking and 
walking. This movement is called “Complete Streets”. In the United States, the 
National Complete Streets Coalition is receiving attention for its work to change 
federal policy to support the creation of streets that “pedestrians, bicyclist, motorist 
and bus riders of all ages and abilities are able to safely move along and across”. 
For many, particularly those in the United States, the oil issue is only about creating 
more efficient vehicles. It is not yet diminished vehicle fuel consumption and it is 
unlikely to do more than make a small contribution in the time required. Increasing 
vehicle efficiency is only one part of the overall strategy for a more resilient city. 
Car-pooling can also be mentioned at this point; it has little potential to affect the 
numbers as it offers a very limited timeframe in the morning and evening commutes. 
One of the most pressing reasons for changing fuels and making engines more 
efficient is the air quality impacts from poor engines. Air quality data from across the 
world’s cities show continuing air quality problems. Vehicle and fuel technology 
improvements in most developed cities have been successfully able to hold steady or 
reduce overall ambient air pollution levels despite increases in driving for about 
twenty years of growth. 
Regulation is also required at the national and international level to phase out the 
excessive use of four-wheel drives and other oil consuming vehicles. Plug-in electric 
vehicles must become an important part of a city’s electricity grid by enabling 
renewables to have a storage function. 
Cities are organisms that work as a whole regional system and as a series of local 
parts. They need viable governance systems at both the regional and the local level to 
create green transportation options for more resilient cities. 
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Visionary master plans and regional governance structures enabled governments to 
build the urban freeways of the auto city. Today, cities need new visionary plans to 
generate the political momentum and find the funds for oil-proofing their cities, as 
well as the governance structures that can carry out the plans. Regional governance 
structures for transportation exist in most cities in Canada and Australia and to a 
lesser excellent in the United States (Land and Dhavale, 2005; Lucy and Phillips, 
2007). 
Regional transit systems cannot work unless local systems feed into them. Local 
governments, citizens, and businesses need to come up with their own oil peak and 
climate change plans, since each part of a city has different economic functions. 
Surveys show that people want to see greener transportation options given higher 
priority in their cities. In the past, policymakers and engineers, not the public, have 
generally set transportation priorities. But in the United States and elsewhere voters 
are starting to send the clear message that they want better options and are willing to 
pay for them. 
2.3 Adaptation 
Adaptation is not a new concept. Over time, human beings and ecosystems have 
adapted to different environments and conditions. The current challenge lies in 
keeping up with the rapidly increasing need for adaptation measures as a 
consequence of climate change, ensuring that adaptation is considered in political 
and economic decision-making and is translated into action. Human societies have 
shown throughout history a strong capacity for adapting to different climates and 
environmental changes. For example, farmers, foresters, civil engineers, and their 
supporting institutions have been forced to adapt to numerous challenges to 
overcome adversity or to remove important impediments to sustained productivity. 
Traditional societies have for at least 10000 years lived in adequate comfort in 
buildings and settlements in a wide range of climates, from the Tropics to the Arctic, 
without the use of mechanical cooling or the need for large amounts of energy. Until 
120 years ago the only energy available to many societies to heat or cool their 
buildings was what they could have find, mine, collect and carry home, be it dung, 
coal, wool, peat, water or ice. In the evolution of buildings people have always 
played a vital part in adapting themselves and the buildings around them to provide 
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the comfort they seek. In a rapidly changing climate, the majority of the world’s 
population, who cannot afford the mechanical cooling, can adapt their buildings fast 
and far enough to be able to remain in their traditional lands. 
In the early days of the United Nations Framework Convention on Climate Change 
(UNFCCC), the majority of activities designed to address climate change focused on 
mitigation and setting binding commitments for industrialized countries to reduce 
their greenhouse gas emissions. With time, however, adaptation has become a higher 
priority on the international climate change agenda. The increasing frequency of 
catastrophic weather events throughout the world makes it plain for all to see that 
adaptation must be addressed. Delayed investment in adaptation is particularly 
critical for developing countries, where scientists predict the worst impacts will 
occur and where the greatest vulnerabilities lie. Developing countries are calling for 
developed countries to increase their commitment in this regard. At the same time, 
global corporations, particularly those related to agribusiness, are increasingly 
focusing on adaptation with the aim of protecting their business operations, for 
instance, through insurance. 
Understanding the impacts of cyclical cooling and warming of the Earth’s climate 
has made an important contribution to knowledge of the evolution and distribution of 
populations and ecosystems. Incorporating this understanding into contemporary 
human development is a major challenge. Human use of atmosphere as a carbon sink 
has systematic impacts that translate into significant social, economic and 
environmental costs. These costs are hugely unpredictable in terms of location, 
nature and scale; now the faced risks had not been factored into previous decision-
making processes. 
The relationship between energy use, development and climate has renewed the 
focus of planning analysis and policy on the complexity and uncertainty of 
environmental, social and economic systems. Climate change awareness is now 
shaping the sustainable development debate, further strengthening the critiques of 
development policy responses at different scales and in different places. 
Adaptation relates not only to technical measures aimed at infrastructure, such as 
higher flood dams, levees and landslide barriers, but also to enabling activities and 
frameworks that enhance ecosystems’ resilience to cope with altered climatic 
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conditions. Examples of adaptation measures include re-vegetating slopes threatened 
by flood erosion, and maintaining the natural biodiversity of ecosystems to reduce 
their vulnerability. Adaptation projects are therefore very suitable ways of achieving 
the complementary objectives of the Rio Conventions. The forestry and agriculture 
sectors are important reference points for adaptation activities, mainly through 
maintaining functions (such as biological and crop diversity and water generation 
cycles) that help determine an ecosystem’s ability to with- stand climate change. 
The United Nations Framework Convention on Climate Change Executive Secretary 
has identified the forestry sector as having particular potential for the creation of 
synergies. Several forestry activities have significant positive climate impacts, while 
helping ecosystems to become more resilient and preventing further land 
degradation. Agricultural activities often focus on social benefits, with adaptation 
measures contributing directly to food security and ecosystems’ resilience to climate 
change. Resilient production systems and crops are an essential response to climate 
impacts such as changed rainfall patterns. Resilience is also achieved through 
management-related adaptation measures and the adoption of management plans and 
techniques that strengthen ecosystems’ adaptation capacities, as well as through 
changes in cropland or forestland use. 
Some degree of future climate change will occur regardless of future’s hopefully 
reduced greenhouse gas emissions. Adapting to or coping with climate change will 
therefore becomes necessary in certain regions and for certain socioeconomic and 
environmental systems. Growing populations in areas vulnerable to extreme events 
may increase the need for adaptation. 
2.3.1 Climate Change Mitigation and Adaptation 
The IPCC defines mitigation as “anthropogenic (human) intervention to reduce the 
sources or enhance the sinks of greenhouse gases’; and adaptation as “adjustment in 
natural or human systems in response to actual or expected climatic stimuli or their 
effects, which moderates harm and exploits beneficial opportunities” (IPCC, 2007c, 
p869). While mitigation measures aim to adverse impacts of climate change in the 
long term, adaptation measures are designed to reduce unavoidable impacts of 
climate change in the short and medium terms. This is because even if the 
concentrations of greenhouse gases could be fixed at 2005 levels, the world could be 
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committed to a long-term eventual warming of 2.4 °C. Therefore, strategies need to 
be in place for adaptation to temperature increases of at least 2 °C (Committee on 
Climate Change, 2008). Figure 2.8 shows a schematic framework of earth and human 
systems interactions. 
 
Figure 2. 8 : Schematic framework representing anthropogenic drivers, impacts 
of and responses to climate change, and their linkages (Climate 
Change 2007 Synthesis Report). 
As an integral part of sustainable development, mitigation of, an adaptation to, 
climate change are closely linked and both have the same purpose: reducing 
undesirable consequences of climate change. Mitigation was given priority partly 
because climate change itself was conceived as an environmental problem similar to, 
for example, ozone depletion or acid rain, which could be handled by setting targets 
and timetables (Munasinghe and Swart, 2004). Larger uncertainties about adaptation 
measures also played a part in initially paying limited attention to adaptation. It is 
now acknowledged that climate change is unavoidable and both natural ecosystems 
and human societies will be affected by its unmitigated impacts. 
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An integrated view of climate change, as adopted by the IPCC, considers the 
dynamics of nonlinear cause and effect relationships across all sectors, as depicted in 
Figure 2.9. The solid arrows show the cycle of cause and effect among the four 
quadrants and the blank arrow indicated societal responses to the impacts of climate 
change. The spatial configuration of cities and towns and the ways in which land is 
used and developed have significant implications for both adaptation to the adverse 
impacts of climate change and reduction of the emissions that are causing the 
change. 
Settlement forms and their impacts on the use of natural resources and levels of 
emissions are influenced by many complex factors, including available building 
technologies, land and property markets, the investment strategies of public and 
private institutions, public policies (related to, for example, planning, housing, 
transport, environment and taxation), institutional traditions, social norms and 
cultures, and individual lifestyle choices and behavior. 
The term spatial planning in its broader sense to refer to actions and interventions 
that are based on “critical thinking” about space and place (Royal Town Planning 
Institute (RTPI), 2003). It involves not only legislative and regulatory frameworks 
for the development and use of land, but also the institutional and social resources 
through which such frameworks are implemented, challenged and transformed. 
National planning systems vary greatly in terms of their priority, the scope and extent 
of their powers, their regulatory tools and the resources with which they work. 
Hence, their capacity to perform and deliver varies from place to place and from time 
to time. Despite this diversity, mitigation of carbon emissions and adaptation to 
climate change impacts are increasingly recognized as major priorities for the 
development and delivery of spatial planning policy in many jurisdictions. 
Recognition of the complexity, uncertainty and irreversibility demonstrated by 
climate science is changing the nature and framing of spatial planning, with an 
increasing expectation for it to play a part in mitigation and adaptation efforts. 
Responding to climate change involves an iterative risk management process that 
includes both adaptation and mitigation and takes into account climate change 
damages, co-benefits, sustainability, equity and attitudes to risk (IPCC, 2007b). 
While there are strong interactions between mitigation and adaptation objectives, 
they each call for different or complementary planning tools. 
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Figure 2. 9 : Climate change – an integrated framework (IPCC, 2001, p3). 
Mitigation policies, that deliver major cuts in the carbon emissions of built form and 
human activity, are necessarily led or coordinated at international or national levels, 
but sub-national innovation and leadership are essential to their delivery. An 
important area of mitigation for which spatial policy can provide a powerful lever is 
the shaping of settlement forms and patterns, which play a major, complex role in 
energy use and efficiency. 
Policies for climate change adaptation require the development of techniques to 
explore and achieve consensus around the risks associated with possible change. The 
focus of adaptation policy is not only on the direct allocation of land use but also on 
the details of locational specific design, management and control. It also highlights 
the importance of ecological functions of land in, for example, flood regulation and 
temperature control.  
As a result, adaptation is a necessary strategy at all scales to complement climate 
change mitigation efforts because we cannot be sure that all climate change can be 
mitigated. In the long term more warming is inevitable, given the high level of 
greenhouse gases in the atmosphere, and the delay between emissions and impact. 
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Planners and other local decision makers are becoming more cognizant of the 
extraordinary dangers that climate change poses – prompting recognition that 
adaptation measures are urgent – most communities are failing to take sufficient 
steps to prevent climate destabilization from presenting even larger dangers in the 
future. As planners make the ‘adaptation turn’, then, it is fundamentally important 
that they also push harder than ever for changes in land use, transportation systems, 
energy systems, water systems, and built environment that will dramatically reduce 
emissions of greenhouse gases. While much of planning’s effort on climate change 
over the past decades has focused (often ineffectually) on mitigation, the recent 
adaptation turn is being rapidly extended without sufficient effort to closely examine 
the conceptual and practical relationship between the two. 
Adaptation often appears to be conceived as effectively responding to a relatively 
well-defined set of climate-driven changes that sophisticated climatology models 
indicate can be expected in a given region: shoreline communities will have to be 
moved or defended from rising sea levels, more reservoirs will have to be built to 
prepare for drought, and so forth – projects that will be sometimes challenging but 
overall fairly well delimited. However, the required changes are likely to pervade 
every corner of contemporary society. Changes in air temperature, water 
temperature, sea level, precipitation patterns, agricultural productivity, disease 
vectors, storm frequency and intensity – ‘All of these predicted changes have 
immediate consequences for urban environmental management and the building of 
ecological cities. The changes will clearly make the task much more difficult’ 
(White, 2002, p106). 
Even under the most favorable warming scenarios and in rich countries best able to 
respond, adaptation efforts will sometimes encounter negative limits in society’s 
ability to respond effectively to ecological regime shifts and other climate impacts 
(IPCC, 2007a, p733). If the acceleration due to escalating net emissions continues, 
climate change almost inevitably will push biological and geophysical systems past 
critical thresholds, or tipping points, in their complex and not well-understood 
dynamics. 
IPCC notes that ‘the options for successful adaptation diminish and the associated 
costs increase with increasing climate change’ (2007a, p19). Further, ‘unmitigated 
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climate change would, in the long term, be likely to exceed the capacity of natural, 
managed and human systems to adapt’ (IPCC, 2007a, p20). 
Mitigation at the local level constitutes a necessary foundation for global mitigation, 
which, in turn, provides the only reasonable prospect for a stabilized global climate 
and hence a stable basis for adaptation at the community level. 
The idea that less mitigation means greater climatic change, and consequently 
requiring more adaptation is the basis for the urgency surrounding reductions in 
greenhouse gases. Climate mitigation and adaptation should not be seen as 
alternatives to each other, as they are not discrete activities but rather a combined set 
of actions in an overall strategy to reduce greenhouse gas emissions. 
2.3.2 Adapting to Climate Change 
Worldwide response to climate change differs based on the prevailing regulatory 
framework, and the urgency with which leaders and organization have recognized 
the need for action. In many cases countries outside the US are more advanced in 
their development and implementation of strategies related to climate change. There 
are many national governmental sponsored agencies (for example the United 
Kingdom’s Climate Impacts Programme – UKCIP, and New Zealand’s Ministry of 
Environment) that are renowned resources for business and local communities across 
their respective countries. Several important information and tactics can be learned 
from the efforts of these and other organizations. 
Planning for climate change adaptation implies changing the human system as well 
as changing the standard “bricks and mortar” infrastructure. According to the 
UKCIP, building adaptive capacity is the putting in place of all of the support 
systems, data collection, evaluation processes, awareness-raising, and the policy 
frameworks which will encourage, allow or require individual businesses and regions 
to undertake adaptation. 
Adaptive capacity of society refers to the ability to plan, prepare for, facilitate and 
implement adaptation measures. Factors that determine adaptive capacity of human 
systems include wealth, technology, information and skills, infrastructure, 
institutions, social capital and equity. 
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The Resilience Alliance, as illustrated (figure 2.10) by the work of C. S. Holling and 
L. H. Gunderson, shows how the logistic curve of the unstable environment phase 
positive feedback, becoming replaced by the stable environment negative feedback 
strategy is an important part of adaptive capacity. The unstable environment strategy 
is associated with situations of low complexity, high resilience, and growing 
potential. Stable environment strategies are associated with situations of high 
complexity, high potential and high resilience, but if the perturbations exceed certain 
limits, adaptive capacity may be exceeded and the system collapses into another so-
called Omega state, of low potential, low complexity and low resilience. 
 
Figure 2. 10 : A system with high adaptive capacity exerts complex adaptive 
behavior in a changing environment (Url-27). 
Planning processes identify future organizational operational, equipment, or 
infrastructure needs involving procuring new goods, services and/or products or 
building new infrastructure that must function under a new set of climate conditions. 
To manage risk, planning processes should be modified to account for potential 
impacts of climate changes. For example New Zealand’s Ministry of Environment 
has issued guidelines for local authorities that include specific questions to be asked 
when drawing up individual plans including: 
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• Does risk management analysis take into account changes due to climate 
change? 
• Do the effects of climate change reflect the current level of uncertainty in the 
region and should a cautious approach be adopted as a result? If not, is this 
explained? 
• Does the plan include a specific commitment to keep up-to-date with 
changing understanding of climate change and its implications, including any 
relevant local monitoring or liaison? 
With these kinds of guidelines, policies, and procedures will help embedding climate 
change considerations into planning processes. 
Adaptation measures will almost always have multiple benefits, which may include 
reduced energy costs, improved aesthetics, reduced air and water pollution, and so 
on. These benefits can and should be considered and evaluated to convey the overall 
benefit of these measures. The Scientific Expert Group Report on Climate Change 
and Sustainable Development, prepared for the 15th Session of the Commission on 
Sustainable Development in February 2007, asserts that the clear way forward is to 
promote much wider adoption of “win-win” approaches that reduce climate-change 
risks while saving money, or that produce immediate co-benefits outweighing the 
costs of the measures. These regretless options deliver benefits greater than their 
costs, regardless of the extent of climate change. 
While adapting to climate change, if possible, it is also important to take incremental 
steps rather than large actions to keep options open to adapt in the future. Avoid 
making decisions that make it more difficult to manage future climate risks. For 
example, phased projects can help to avoid costly decisions. Also distributed 
infrastructure can ben more flexible in responding to change than investment in large 
centralized systems. 
The paradox of process planning is the intermixed integration of past, present, and 
future. The plans are being made for the future, it is being done so in the present, and 
the data is being used from the past. Specifically, the urban planning process uses 
historical data to measure the capability of current projects to achieve future goals. 
To adapt to climate change, municipalities and businesses need to continually 
incorporate new data and reassess decisions. The successful adaptation to climate 
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change requires a learning organization, one that adapts to changing environmental 
factors. 
2.3.3 Adaptation Ways for Climate Change 
Adaptation relates not only to technical measures aimed at infrastructure, such as 
higher flood dams, levees and landslide barriers, but also to enabling activities and 
frameworks that enhance ecosystems’ resilience to cope with altered climatic 
conditions. Examples of adaptation measures include re-vegetating slopes threatened 
by flood erosion, and maintaining the natural biodiversity of ecosystems to reduce 
their vulnerability. Adaptation projects are therefore very suitable ways of achieving 
the complementary objectives of the Rio Conventions. The forestry and agriculture 
sectors are important reference points for adaptation activities, mainly through 
maintaining functions (such as biological and crop diversity and water generation 
cycles) that help determine an ecosystem’s ability to withstand climate change. 
The UNFCCC Executive Secretary has identified the forestry sector as having 
particular potential for the creation of synergies. Several forestry activities have 
significant positive climate impacts, while helping ecosystems to become more 
resilient and preventing further land degradation. Agricultural activities often focus 
on social benefits, with adaptation measures contributing directly to food security 
and ecosystems’ resilience to climate change. Resilient production systems and crops 
are an essential response to climate impacts such as changed rainfall patterns. 
Resilience is also achieved through management-related adaptation measures and the 
adoption of management plans and techniques that strengthen ecosystems’ adaptation 
capacities, as well as through changes in cropland or forestland use. 
Up to now, four funds support the implementation of measures to facilitate 
vulnerability assessments and adaptation: the Strategic Priority for Adaptation Fund, 
under the Global Environment Facility’s (GEF’s) Trust Fund; the Least-Developed 
Countries Fund (LDCF) and the Special Climate Change Fund (SCCF), also 
managed by the GEF; and the Adaptation Fund, under the UNFCCC, (which is 
funded by a 2% share of the proceeds of certified emission reductions (CERs), i.e. 
carbon credits issued under the Clean Development Mechanism (CDM), and 
managed by an independent board selected by the UNFCCC COP/Meeting of the 
Parties (MOP) and supported by the GEF. The Adaptation Fund supports developing 
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countries in meeting the costs of adapting to the adverse effects of climate change. 
Adaptation measures need to be taken for all the social and economic systems that 
are directly or indirectly impacted by climate change. 
Rather than using resources such as fossil fuels or wood to generate energy, 
renewable resources could be used to generate bioenergy. This would not only 
reduce emissions but also help to protect endangered woodlands and forests, thus 
helping to fight land degradation. Bioenergy is usually generated from biomass or 
biofuels. Where biomass is readily available, it can replace energy dependence on the 
use of fossil fuels such as diesel, petrol or oil. Agricultural waste products such as 
straw, plant fiber and seed shells can be used to fire boilers for industrial processes, 
or even in domestic heating. Wood waste, such as bark or wood chips, can also be 
used – either untreated or processed into pellets for commercial use. A variety of 
biomass projects already receive financing through project-based mechanisms. 
Energy crops can be cultivated to produce biofuels to generate renewable energy. 
Agriculture-based biofuels include bioethanol, made from plants with high starch 
content such as cassava, jatropha, maize and sugar cane, and biodiesel, made from 
plants with high oil content such as palm, soy, rapeseed and algae. Such fuels can 
replace fossil fuels in industrial processes, generators and even vehicles. The 
considerable potential for reducing greenhouse gases through the use of biofuels is 
not fully exploited under the clean development mechanism owing to regulatory 
constraints. 
Fertilizer is a significant source of emissions in the agriculture sector. Chemical 
fertilizers typically contain the greenhouse gas nitrous oxide (N2O), and the 
application of fertilizer to vegetation leads to nitrous oxide emissions. The global 
warming potential of these is 310 times that of carbon dioxide (CO2) emissions over 
a 100-year time span. There are several ways of reducing the use of fertilizers, and 
thus reducing emissions from their production and application. The quality and long-
term viability of soil can be improved by improving the nutrient balance through the 
timing of fertilizer applications, the use of nitrification inhibitors and the utilization 
of existing nitrogen from organic matter instead of from fertilizers. Fertilizers can 
also be more precisely applied through the use of Global Positioning Systems (GPS) 
software, which has become more easily and cheaply available. Another option is to 
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switch from synthetic to organic fertilizers. The emission reduction potential of this 
project type is largely unexplored. 
The natural decay of wastewater, crop waste (e.g., bagasse from sugar cane or empty 
palm fruit from oil production) and animal waste (e.g., from piggeries or cattle herds) 
can cause significant emissions of the potent greenhouse gas methane (CH4), the 
global warming potential of which is 21 times that of carbon dioxide over 100 years. 
To decrease these emissions, waste can be collected and stored in anaerobic digesters 
that range in size from large industrial ponds to small tanks suitable for single 
households. Following an organic digestion process, the wastewater can then be 
discharged as effluent. The mixture of gases created by this process can be captured 
using simple technology. This captured gas, which is referred to as ‘biogas’, typically 
has a high methane content and can either simply be flared, thereby reducing 
emissions, or be used as fuel for heat and electricity generation. This project type can 
help to alleviate the pressure on other natural resources and biomass for generating 
heat and electricity. On an industrial scale, this project type is already widespread 
under the Kyoto mechanisms. There are also a few examples of such projects at the 
household level, and these could be expanded in the future. 
Small- or large-scale use of renewable energy sources, such as solar, wind or 
hydropower, is a popular project type that helps to reduce emissions. Such projects 
help to fight land degradation by providing energy from renewable sources. The 
decreased reliance on fossil fuels and fuel wood for energy generation or heating 
reduces the pressure on forest resources. There are several interesting examples of 
small- and large-scale solar energy projects, including solar water heaters, solar 
cookers and solar food processing for cooking, baking or pasteurization. Biogas from 
anaerobic digestion (as described in the previous section) can be used for lighting 
and heating as another renewable energy source. A limited number of flagship 
projects already exist under the clean development mechanism, but the opportunities 
for expansion in this area are vast. 
Renewable energy generation can also provide benefits. The concept of ‘co-use’ and 
‘land easements’, for example, reduces the use of virgin land for renewable energy-
generating plants by encouraging farmers to lease unused portions of their land to 
renewable energy producers. A farmer, who allows a project developer to place a 
wind turbine on his/her land, can receive benefits in the form of either rent or, 
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potentially, carbon credits. This type of partnership encourages renewable energy 
development and engages the agriculture sector. The potential for projects that offer 
such co-benefits is wide, and has not yet been fully explored. 
Applying energy efficiency measures improves the use of natural resources and fossil 
fuels, thus reducing emissions and easing the pressure on land resources. Several 
examples of such projects exist. 
An innovative and, as yet, uncommon approach to energy efficiency may be to 
practice agriculture in controlled environments. Based on the assumption that a 
controlled climate reduces production fluctuations, such a strategy would support the 
development of large-scale greenhouses and aquaculture farms and reduce the 
dependence on land. As agriculture production from indoor, controlled greenhouses 
increases, the intensity of agricultural production from natural land will decrease, 
resulting in reduced fertilizer use, less intensive cultivation and thus reduced land 
degradation. It may also have positive effects on the economic situation of 
agriculture-intensive societies by removing the risk of climate change induced 
fluctuations in agricultural production. 
There are a number of direct synergies and overlaps between fighting land 
degradation and mitigating greenhouse gas emissions. In addition, revenues from 
projects without these overlaps could also be used to further the United Nations 
Convention to Combat Desertification’s aims. A plethora of project opportunities 
exist that helps to further sustainable development in communities and contribute 
indirectly to the fight against desertification. Carbon revenues from projects in 
established and less-established sectors could be used to support community-based 
development activities that contribute to sustainable land management. For example, 
revenues from emission mitigating activities in the oil and gas sector could be used 
to offset the costs of the negative impacts identified in projects’ environmental 
impact assessments. 
In countries like the United States heat is the primary weather-related cause of death, 
and therefore, promotion of strategies for mitigating the urban heat islands are a big 
concern for government agencies. There are two main urban heat island reduction 
strategies: first, to increase surface reflectivity (such as high albedo), in order to 
reduce radiation absorption of urban surfaces, and second, to increase vegetation 
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cover, mainly in the form of urban forests and parks, in order to maximize the 
multiple vegetation benefits in controlling the temperature rises. 
Trees, vegetation, and green roofs can reduce heating and cooling energy use and 
associated air pollution and greenhouse gas emissions, remove air pollutants, 
sequester and store carbon, help lower the risk of heat-related illnesses and deaths, 
improve stormwater control and water quality, reduce noise levels, create habitats, 
improve aesthetic qualities, and increase property values. 
Reflective surfaces simply results from light colored or white paint on the surface of 
a given construction material or from cover the construction material surface with a 
white membrane. Both techniques have been mainly applied on roofs and pavements. 
Cool roofs are especially important in commercial and residential buildings, where 
significant energy demand for cooling can be saved by reducing heat gain to the 
building. Cool pavements have mainly based on the use of whitened asphalt roads, a 
very warm material. For this purpose their surfaces have been mixed with white chip 
seals or coated with a light concrete cover called white topping. 
Increasing vegetation cover is mainly focused on planting trees at nearby houses, and 
residential and commercial buildings. A particular emphasis has been placed on 
vegetation planting on the roofs of buildings (such as green roofs), in order to 
achieve the same aim as lighter-colored roofs. Strategically placing trees in front of 
windows and on the sunniest sides of a house maximizes energy savings. Trees 
placed on the east and west sides of a structure are most effective because they block 
the morning sun as well as the afternoon sun. Larger trees also tend to be more 
effective, as they provide a greater canopy cover and shade area. In addition, placing 
an air-conditioner in a shaded window, for example shaded by a strategically planted 
tree, also can reduce energy demand and costs. 
Using these strategies in combination can enhance their effectiveness.  For example, 
installing a permeable pavement parking lot that includes shade trees can extend the 
longevity of the pavement and vegetation. 
While adapting to climate change there many other things to do like preparing the 
community to extreme heat events and preserving native species. As mentioned 
earlier with the changing climate the fauna and flora start to change their location for 
survival.  
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2.3.4 Community’s Role 
While building a resilient city regional and national authorities’ efforts will not be 
enough, both residents and private sector need to have some obligations for their 
city’s future. For an involvement like this community needs to be educated about 
climate change, its effects, precautions can be taken for situations like extreme heat 
events, and what can be done reduce greenhouse gas emissions. 
When it comes to preventing climate change, if the whole “thinking globally, acting 
locally” maxim has anything to offer, then it must surely lie within local 
communities. While images of dwindling rainforests and melting glaciers are 
powerful icons of the dangers of global warming, the climate change debate can 
often seem rather distant and remote from everyday lives. 
Farmers’ markets have been one of the fastest growing community shopping trends 
of recent years, offering shoppers the chance to buy products directly from local food 
producers. Aside of providing very competitive prices, they can represent a major 
saving in carbon emissions too – and with our food travelling nearly 20 billion miles 
at the cost of an estimated 18 million tones of carbon dioxide. 
Increasingly, community based initiatives are being developed to improve the local 
environment, campaign for better public transport, provide neighborhood facilities or 
promote green awareness within the area. Getting involved with these sorts of 
projects at any level can offer a way to make a difference. 
There are many opportunities for like-minded individuals to get together informally 
to do their bit. With climate change and green concerns firmly established as the 
issues of the moment, a surprisingly large number of people will probably share 
many of the same concerns. In addition, with changes in policies, it can be ensured 
that each authority develops a community plan to deal with the effects of global 
warming. 
Renewable energy and heat projects using wind, solar panels, heat pumps and 
biomass to heat and power homes, businesses, community and public sector 
buildings is an action can be done by community to reduce greenhouse gas emission. 
Home insulation and draught proofing measures for local residents; information and 
advice about energy savings including free energy monitors and home energy audits; 
the creation of practical ‘show-homes’ demonstrating energy efficiency options for 
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homes; electric car charging terminals and more bike shelters; the creation of 
community social enterprises so that any money made from the production of 
renewable energy is used to fund more community projects; and opportunities to 
grow fruit and vegetables on unused plots of land or participate in planting trees and 
other conservation activities to retain biodiversity in local parks are some of the 
things can be done. These improvements have multiple benefits for local investment, 
job creation, fuel poverty and climate change. 
Tackling climate change inevitably calls for a multi-layered response and lying 
between the international and the personal, community-based approaches to dealing 
with the threat of global warming provide the perfect mix of the two. With all the 
benefits of numbers, but without losing the personal touch, preventing climate 
change at the local level has much to recommend it. 
2.3.5 Potential of Cities for Adaptation 
The impacts of future climate change are likely to affect many different aspects of 
human society and almost every ecosystem on Earth. 
To know what the real world might look like and how well society might cope with a 
changing climate; the potential for adaptation is needed to been taken into account. 
This immediately raises several key questions. How successful can adaptation to the 
impacts of climate change be? Are there limits to adaptation? What factors make 
adaptation successful, and what are the most important barriers? And, can everybody 
adapt to the same extent, or how might these perspectives differ for different sectors, 
regions, and groups of people? 
In general, quantitative evidence about the costs, effectiveness, and barriers to 
adaptation is very limited; many findings are qualitative in nature and tend to focus 
on how people can reduce vulnerability and improve resilience through adaptation. 
Very few studies aim to predict specific outcomes. This reflects the limited 
experience with adaptation and its very strong dependence on the social, economic, 
and cultural context in which adaptation occurs: the impacts of climate change can be 
modeled and assessed by laboratory studies and field experiments, but adaptation is 
ultimately a question of human choices that are influenced by many different 
physical, social, and economic factors. This necessarily limits any quantitative 
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conclusions than can be drawn about the effectiveness of adaptation in any specific 
region or sector several decades into the future. 
Much of the discussion in this title focuses on human society. Ecosystems can by 
their very nature only respond reactively to climate change (for example, they 
respond only after an impact has happened, not in anticipation of impacts that are 
likely to happen decades into the future). 
It is known that adaptation can work in principle, because societies have long a 
record of adapting to climate variability and change. In many instances, historical 
adaptation has aimed to reduce the impacts of recurring extremes such as drought, 
floods, and storms, but also to longer-term climate patterns that can last several years 
such as El Niño events and associated changes in average weather conditions and 
flood or drought risk. 
Adaptation practices in response to historical climate variability include measures 
such as the use of diverse crops with different water requirements, irrigation, and 
water storage systems, early warning systems and seasonal climate forecasting, and 
physical barriers such as stop banks and shelters against storms and coastal or river 
floods. Insurance against damages from extreme weather also forms an important 
part of adaptation to climate variability, because it helps spread the impact from 
individual damaging events across a larger number of people and across longer 
periods. Even where adaptation mechanisms are in place, extreme weather and 
climatic conditions usually still cause damages relative to ‘normal’ weather 
whenever they occur, because it would be too costly or restrictive to plan for all 
eventualities. Protection and warning systems are generally geared to keep damages 
from extreme weather and climate to a level that society at large considers acceptable 
given that such extremes occur only infrequently. 
In many instances, projected future climate changes involve an increase in the 
frequency and/or intensity of climate and weather extremes, rather than the 
occurrence of entirely new phenomena. Improving adaptation and resilience to 
current climate variability, therefore, can provide a useful basis for increasing 
resilience against future climate change. For example, raising stop banks and adding 
coastal protection measures, diversifying crops further, and extending water storage 
for irrigation could enhance the ability of societies to cope with increased severity 
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and frequency of climate and weather extremes. Improved forecasts of the likely 
severity of storms, floods, and drought periods as they develop can further support 
the effectiveness of existing adaptation measures. 
The biophysical features of green space in urban areas, through the provision of 
cooler microclimates and reduction of surface water runoff, therefore offer potential 
to help adapt cities for climate change. However, little is known about the quantity 
and quality of green space required. The green infrastructure is ‘an interconnected 
network of green space that conserves natural ecosystem values and functions and 
provides associated benefits to human populations’ (Benedict and McMahon, 2002, 
p. 12). 
Within urban centers green spaces therefore constitute critical environmental capital 
that, once developed, is difficult to replace. These green-space need to be 
strategically planned. The priorities for planners and green space managers are to 
ensure that the functionality of green space is properly understood and that what 
exists is conserved. Then it should be possible to enrich the green cover in critical 
locations, for example the planting of shade trees in city centers, schools and 
hospitals. Opportunities to enhance the green cover should also be taken where 
structural change is taking place, for example, in urban regeneration projects and 
new development.  
Mature trees will be very important for the roles they play in providing shade and 
intercepting rainfall. Also, in times of drought they may provide a cooling function 
for longer than grass, which will dry out faster. 
Climate change is already with us and there is an urgent need to develop adaptive 
strategies. The creative use of the green infrastructure is one of the most promising 
opportunities for adaptation and this needs to be recognized in the planning process 
at all scales from the Regional Spatial Strategies, through Local Development 
Frameworks to development control within urban neighborhoods. 
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3.  CASE STUDY: CHICAGO METROPOLITAN AREA 
Since cities began, civic spaces have nurtured community spirit – the shared pasture, 
the marketplace, the city square. In Greece the agora gave birth to democracy. 
Outdoor theaters nurtured drama, art, and music. Philosophers and scientists sat on 
benches in gardens exchanging ideas. Even now, all over the world, similar spaces 
continue to serve cities’ residents. 
In colder climates, public space has also moved indoors. Domed statehouses have 
replaced outdoor meeting grounds. Cathedrals, concert halls, museums, stores, and a 
host of other building types shelter religious, social, and economic activities in all 
weathers. As long as people had other contact with the natural world this was not a 
problem, but as cities grew more crowded, especially in the industrial era, the 
elimination of intimate contact with nature gave rise to feelings of deprivation, of 
separation from the earth. People no longer experienced the restorative power of 
seeing or being immersed in fresh water; they no longer witnessed the seasons. As 
television, Internet, cell phones, and other modern electronic devices have 
proliferated, the humanizing face-to-face contact with our fellow citizens has also 
diminished. 
As one observer put it, “when two-dimensional computer screen is becoming the 
dominant form of communication, people still seem to harbor a primal instinct to 
gather in real, live three-dimensional space” (Kamin, Blair; “New Library Makes 
Success Look Simple,” Chicago Tribune, April 2, 2006, sec. 7,7). To counteract the 
impoverishment of both private and public life, landscape architects, architects, city 
planners, enlightened business people, and visionary political leaders are now 
combing their efforts to restore parks and plazas, streetscapes and waterfronts, and to 
forge new connections between the built environment and the natural environment. 
Chicago is at the forefront of an international effort to expand and nurture civic life 
through a merger of public open spaces and civic institutions. In this new era, the 
green world becomes a vital part of the cultural meaning of the whole built 
environment. Parks and other open spaces are no longer adjunct to city life, passive 
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areas of retreat; rather, they are dynamic, culture-creating forces with documented 
health and social benefits. Integrating green spaces into city, combing nature with 
modern life, creates a more interactive and humane environment (figure 3.1). 
The great cities of the world – Rome, Paris, İstanbul, St. Petersburg, Beijing, and 
Kyoto, to name a few – have been doing this, each on its own way. Each has attained 
a higher level of civilized life, more cosmopolite, a true city of the world. 
 
Figure 3. 1 : Millennium Park, Chicago. 
The manifest relationship between landscape and architecture in Chicago is the key 
to the city’s success. Many places in Chicago where architecture and landscape were 
not only both present but where each had been conceived in response to the other, 
where the two had been created together as a single artistic whole. Chicago is rich in 
such combinations and over the last few decades this dynamic relationship has 
evolved into a fusion that can be called as urban nature. 
The old dichotomy between the worlds of the countryside and the city has been 
gradually dissolving, and Chicago has seen a merger of architecture and landscape 
that brings a whole new dimension to urban life, where people can have the best of 
the both worlds. The process began in the ninetieth century and accelerated at the 
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turn of the twentieth century. Healing the split between architecture and landscape, 
or bridging the old gap between town and country, takes strong leadership and 
public-private cooperation. When the connection is made a new cityscape emerges – 
a place where people can have the best of both worlds in the same space, and 
sometimes, at the same time. 
When Chicago is gazed down from the higher perspective of an airplane or a satellite 
photograph, the boundaries between the natural world and the built environment – 
between landscape, architecture, and infrastructure – are less distinct than they once 
were. Buildings, highways, and parks can no longer be regarded as entirely separate. 
A dynamic whole, knit together by greenways and infrastructure can be seen. At 
some point in the greening of a city, as when thousands of new street trees were 
planted in Chicago, a critical mass is reached; the differences in degree add up to a 
difference in kind. Green spaces are no longer found just in set-aside parks but 
include sidewalks and streets. Bridges, especially those with pedestrian walkways, 
have become linear parks. Even former toxic waste sites have morphed into 
recreational areas. These are only the few of the things has been done while turning 
Chicago into a resilient, green city. 
In Chicago, landscape is not just places for pleasant parks, but a basic and 
fundamental part of the cityscape, including not just parks but sidewalks, streets, 
bridges, canal and riverbanks, and the lakeshore. It extends to front yards, backyards, 
and temporary gardens on vacant lots, window boxes, lampposts, railroad and 
highway embankments, public squares, and even parking lots. 
One new park type, the small neighborhood park, was first introduced in Chicago at 
the turn of the twentieth century and quickly became world famous. Faced with 
problems of increased industrialization, crowding, immigrant populations, health 
issues, and other stresses, the South Park Commission hired the landscape 
architectural firm Olmsted Brothers and architect Daniel Burnham to design a whole 
new system of small neighborhood parks, soon nicknamed “Country Clubs for the 
Poor”. Burnham invented a new multiuse building type, the field house, and the 
Olmsted Brothers worked carefully to unite landscaping and building. The field 
houses became community centers containing gyms, swimming pools, showers, 
theaters, craft studios, and branch libraries. The neighborhood parks in Chicago are 
ordinary landscapes for ordinary people, a part of everyday life for hundreds of 
78 
thousands, year in and year out, and the positive effects on personal growth, family 
cohesion, and community bonding are immeasurable. 
Enlightened businessmen in Chicago have participated actively in promoting large-
scale urban enterprises for the public good since the city’s early days. In 1906 the 
Merchants Club of Chicago told Daniel Burnham it would bear the costs of drafting a 
city plan for Chicago. In 1907 the Commercial Club joined the effort. Burnham 
worked with three subcommittees on the lakefront, the north-south boulevard link, 
and the location of railway and traction terminals. When the Plan of Chicago 
emerged in 1909 it embodied the spirit of a great city with a living goal that could 
bring its people together to make grand improvements in their urban environment 
(Neil Harris, “The Planning of the Plan”, speech to the Commercial Club of Chicago, 
November 27, 1979). 
In the nineteenth century Chicago was a Midwestern industrial center, in the 
twentieth a metropolitan city, and the twenty-first it is becoming a cosmopolitan city. 
At the hearth of these transformations, and of countless smaller changes and 
interactions, has been an optimistic belief in the whole city fabric as a democratic 
forum, a place where citizens and civic officials meet, express their values, argue, 
exchange ideas, and then cooperate. 
In recent years the importance of landscape architecture has also changed the face of 
corporate Chicago. Tax benefits and increased height allowances in exchange for 
providing public amenities at the ground level, along with design review; have 
produced many changes, both negative and positive. On the plus side, fountains, 
flowerbeds, new sculptures, walkways, and even an outdoor theater have sprouted 
around the perimeters of hundreds of skyscrapers and other business complexes. 
Neighborhood organizations and private homeowners have followed business’s lead, 
planting roses, hollyhocks, sunflowers, and other colorful plants on railroad 
embankments, on sidewalk easements, and on the roofs of apartment buildings and 
single-family homes. 
By wrapping its arms and famous big shoulders around its Latin motto – Urbs in 
Horto (City in a Garden) – Chicago has become a global model for how a metropolis 
cab pursue environmental goals to achieve economic success (figure 3.2). During the 
last decade, the city’s performance, measure in virtually every conventional category 
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of civic well being, has been off the charts, local boosters say. Chicago attracted 
more than 100000 new residents, added tens of thousands of downtown jobs, 
prompted a high-rise housing boom, reduced poverty rates, built thousands of 
affordable homes, spurred a $9 billion-a-year visitor and convention industry, and 
transformed itself into one of the most beautiful cities in America. (Schneider, 2006). 
 
Figure 3. 2 : Grant Park, Chicago. 
Providing design guidelines, information, and financial support, it assisted local 
businessmen, citizens’ groups, neighborhood organizations, and aldermen in 
improving their neighborhood settings. New trees, plant materials, attractive street 
furniture, public art, historic markers, and other amenities were part of the mission of 
the city’s Streetscape program. Creating greener, friendlier environment for people is 
also closely linked to the goal of improving environmental quality. 
Neither the natural world nor the cultural world is enough. Cities are work of art, 
which societies create so people can find fulfillment close to where they live. In a 
dynamic cosmopolitan city this is an ever-growing, ever-changing process. As cities 
succeed, they increase their chances for longevity – witnesses the Seven Hills of 
Rome or green carpeted Kyoto. 
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Today’s landscape architects have manifold expertise: they are city planners who 
know how to integrate green space into the urban fabric; they are ecologists who 
understand regional hydrology, climatology, detoxification of contaminated sites, 
horticulture, and the history of their profession. That is why it is important that 
landscape architects should get involved more while moving towards resilient cities 
against climate change. 
3.1 Reasons for Choosing Chicago 
Louis Jolliet, a Canadian explorer and the French-born Jesuit Jacques Marquette 
were the first Europeans to discover the Chicago area in 1673 with the help of local 
Indians. Jean Baptiste Point du Sable, an African American from Santo Domingo, 
founded the first permanent settlement in 1781. The location at the mouth of the 
Chicago River was chosen for its strategic value for a trading post as the river 
connected the Lake with the Mississippi river. Later a military base, Fort Dearborn, 
occupied the area at the mouth of the Chicago River. Native Americans regularly 
attacked the Fort, until Chief Black Hawk was defeated in 1832. One year later, 
Chicago was officially incorporated as a town and four years later, when the 
population reached 4170, as a city. Its name was derived from the native Indian’s 
word describing the area. 
With the arrival of the railroads, the city of Chicago really started to boom reaching a 
population of 300,000 in 1870. One year later, disaster struck with the Great Chicago 
Fire laying the city in ashes. The fire destroyed about 17450 buildings, but the 
Chicagoans quickly started to rebuild the city. Just 6 weeks after the fire, 
construction of more than 300 buildings had already begun. And in 1893 Chicago 
had recovered well enough to host the 1893 World Columbian Exposition, 
commemorating the discovery by Columbus of America 400 years ago. 
After the Great Chicago Fire of 1871, Chicago reinvented itself as a thriving hub that 
anchored the nation’s commerce. In 1909, the Burnham Plan (figure 3.3) envisioned 
a “City Beautiful” – and called on all residents to act in the public’s best interest to 
create it. 
At the end of the 19th century the land prices had risen dramatically, which lead to 
the construction of higher buildings. 
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Figure 3. 3 : Daniel Burnham Chicago Plan (Url-20) 
In 1885, William Le Baron Jenney built what is known as the first skyscraper in the 
world: the Home Insurance Building. Demolished in 1931, it was 55 meters tall and 
included nine stories, later extended to eleven.  
It was built with a load-carrying structural frame, which would be the basic structure 
for all later skyscrapers. This building marks the start of Chicago as a pioneering 
architectural city. Many famous architects like Louis Sullivan and later Mies van der 
Rohe would set new standards for urban architecture in Chicago. 
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Following World War II, and continuing into the early 1970s, “urban renewal” 
referred primarily to public efforts to revitalize aging and decaying inner cities, 
although some suburban communities undertook such projects as well. Including 
massive demolition, slum clearance, and rehabilitation, urban renewal proceeded 
initially from local and state legislation.  
The earliest emphasis was placed on slum clearance or “redevelopment,” which was 
followed by a focused effort to conserve threatened but not yet deteriorated 
neighborhoods. 
The new legislation had three primary functions. First, it expanded the city's power 
of eminent domain and enabled it to seize property for the new “public purposes” of 
slum clearance or prevention. Second, it pioneered the “write-down” formula, which 
permitted the city to convey such property to private developers at its greatly reduced 
“use” value after the municipality subsidized its purchase and preparation. Last, the 
state provided assistance in relocating site residents—an absolute necessity in a time 
of severe housing shortages to enable the clearance of crowded, inner-city sites.  
The federal Housing Acts of 1949 and 1954, and their later amendments, mirrored 
the Illinois initiatives, providing a national framework and greater financial resources 
for the renewal effort. The clear intent was to offer public assistance to the private 
sector in the hope of heading off an urban crisis. 
As early as 1943 a Chicago Plan Commission survey had found 242,000 substandard 
housing units within a 23-square-mile zone of “blight,” with the most desperate 
conditions extending in a sweeping arc south and west of the Loop (downtown – 
figure 3.4).  
Another 100,000 such units were scattered across Chicago in “non-blighted” areas. 
Such conditions, combined with the decentralizing pull of the burgeoning suburbs, 
threatened to ravage the city's tax base, deplete the stock of middle-class consumers, 
and raise the cost of basic city services such as police and firefighting.  
Worried about rising taxes, declining property values, and their traditional source of 
shoppers and workers, Loop interests such as Marshall Field & Co. and the Chicago 
Title and Trust Company moved swiftly to design plans to enhance the downtown. 
Within weeks of his 1947 inauguration, Mayor Martin H. Kennelly received a 
housing program and legislative package that had gestated in Loop boardrooms. 
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Figure 3. 4 : Chicago Metropolitan Area map (Url-21). 
Major institutional interests on the South Side, such as the Illinois Institute of 
Technology (IIT) and Michael Reese Hospital, also faced the daunting prospect of 
surviving within rapidly deteriorating neighborhoods. Even before World War II, 
they had recommitted themselves to the area, and, in 1946, they joined other local 
interests to create the South Side Planning Board (SSPB). Staking out a planning 
interest of seven square miles from Cermak Road south to 47th Street and from 
Michigan Avenue west to the Pennsylvania Railroad, their efforts—along with those 
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of their Loop counterparts—enticed the New York Life Insurance Company to 
finance the Lake Meadows development. Michael Reese Hospital soon followed with 
its own Prairie Shores complex; IIT expanded its campus from 7 to 110 acres; Mercy 
Hospital decided to remain and grow in the area; and South Commons was 
developed as a middle-income housing enclave. 
The University of Chicago took the initiative in the urban renewal of Hyde Park, as it 
did with the conception and enactment of the Illinois Urban Community 
Conservation Act of 1953, a law precisely tailored to the institution's needs. 
Proceeding in stages throughout the 1950s under earlier redevelopment acts and 
through the South East Chicago Commission (SECC), the university responded 
forcefully to a process of racial transition that had been accelerated by clearance 
projects to its north. The city approved a general renewal plan for Hyde Park–
Kenwood in 1958 after the SECC had removed the worst pockets of “blight” and 
prevented precipitous “white flight.” By 1970, the university and various public 
agencies had invested some $100 million in the area—an amount augmented by an 
additional $300 million in private funds. 
The largest renewal site north of the Loop provided space for Carl Sandburg Village 
between Division Street and North Avenue and, roughly, Clark and LaSalle. Most of 
the displaced residents were unmarried Caucasian renters without deep roots in the 
neighborhood. Demolition proceeded in 1960–61, with Arthur Rubloff & Co. 
beginning construction the next year. At its completion in 1969, the combination of 
high-rise towers and townhouses encompassed 3,166 units. At the same time on the 
Near West Side, Mayor Richard J. Daley tried to protect the Loop, fight 
decentralization, and enhance Chicago's image by building a campus of the 
University of Illinois in the Harrison-Halsted area. Sparking considerable grassroots 
protest, the project displaced thousands of individuals and hundreds of businesses in 
an old, largely Italian community before it opened in 1965. 
Concern with protecting and enhancing Chicago's core also generated a construction 
boom within the Loop itself. Beginning with the opening of the Prudential building 
in 1957, a 20-year burst of activity nearly doubled downtown office space; the 
federal government, Cook County, and the city of Chicago each added massive 
administrative centers. 
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More than fifteen years ago Chicago Municipality began to transform Chicago into 
the most environmentally friendly city in the nation. Today, Chicago is one of the 
world’s greenest and most livable cities, and this is done with the help of strong 
connection and partnership between government, residents and businesses. This work 
includes green roofs, green building, policies and more. Chicago has become the 
nation’s laboratory for studying ways to reduce the “urban heat island” effect, which 
can raise a city’s temperature 1 to 4 degrees Celsius on hot days. To become a 
resilient city, Chicago now has a public transit system offer a low-cost, energy-
efficient alternative to solo driving, a bicycling program that has produced more bike 
parking and 266 kilometers of bike ways. Their Green Homes and other programs 
help families to save thousand of dollars through energy efficiency. 
The past fifteen years have also seen a tremendous growth in our understanding of 
climate change and the important role that cities can play in addressing it. This 
worldwide threat to earth demands an encompassing plan from every city, state and 
nation and action from every resident and business to reduce emissions of heat 
trapping gases and to ensure a good quality of life for future generations. It was with 
that charge in mind that Mayor Daley created a multi-stakeholder task force to 
produce a Chicago Climate Action Plan (CCAP). 
The Task Force created a Plan that: 
• Determines the challenges that are faced as climate changes 
• Describes the sources of greenhouse gas emissions 
• Sets goals to reduce emissions and adapt to changes already affecting 
• Finds ways to leverage the knowledge to improve economy and quality of life 
• Outlines concrete, achievable goals for all those who make Chicago their 
home 
(Chicago Climate Action Plan, Full Report) 
Local governments and agencies, in both developing and developed countries, have 
great influence over their city’s greenhouse gas emissions. They can enhance the 
energy efficiency of buildings through codes and ordinances. They own or manage 
landfills and waste treatment plants, a significant source of methane gas. They 
operate public transport and maintain its infrastructure. They often determine land 
86 
use policies. City purchasing power can affect markets for vehicles, new 
technologies and ecofriendly equipment and practices. Cities also make news. Much 
of the world’s public information is generated and disseminated in cities. Each 
individual city can publicize its efforts, spurring further action around the globe. 
As the reality of climate change has grown more apparent, cities have become 
increasingly involved in solutions. Many mayors are spearheading emission or 
energy reduction initiatives. Mayor Daley’s efforts date from 1989 and have 
continued throughout the years. More recently, Mayor Daley was one of the first to 
sign the U.S. Conference of Mayors Climate Protection Agreement, which, as of 
February 2008, has been signed by seven hundred eighty other mayors, including 
twenty-four in Illinois. Late in 2007, more than hundred of these mayors asked for a 
federal partnership to boost energy independence and avert the worst impacts of 
global warming. The forty member Large Cities Climate Leadership Group, which 
includes Chicago, partnered with the Clinton Climate Initiative to develop ways for 
cities to measure emissions, band together to purchase technology at a low cost and 
finance emissions reduction programs. 
Beyond helping to solve a global problem, cities and their residents can immediately 
benefit from their efforts to reduce emissions. One result will be better air quality, 
leading to improved health for everyone. Raising the energy efficiency of buildings 
saves money, lowers housing costs for families and creates jobs, especially for local 
businesses. Economic development gets a boost. As people are able to live closer to 
work, schools and services, they enjoy a better quality of life. 
It is important to recognize, however, that the impact of any individual city on 
climate change is limited. To achieve progress, all cities, states and nations must act 
and work together. As moving forward, it is needed to continue to recognize the 
connection to the larger world community. All residents of planet Earth should share 
the purpose and pressing commitment to foster a better world. 
3.2 Chicago as a Resilient City 
The scientific and economic analysis commissioned by the Task Force makes clear 
that if Chicago continues on its current path, its greenhouse gas emissions could 
increase 35 percent by the year 2050. If the world continues on its present path, 
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Chicago could experience extreme heat in summer, many heavier rainstorms, 
growing flood risks, stresses on our public health and threats to the city’s economy. 
As part of its research, the Task Force looked at outcomes from several possible 
future greenhouse gas emission levels. Continued global dependence at current levels 
on coal, gas and oil would radically alter the city’s climate so that a Chicago summer 
late in this century could feel like that of Mobile, Alabama, today. By the end of the 
century, the number of extremely hot days (over 38°C) could increase from the 
current two days per year to as many as 31 days per year. There may be fewer 
extremely cold days in winter—but more heavy rains and snowstorms.  
A lower emissions scenario, with emissions cut to 60 percent below their 1990 level 
by 2050, could produce a less dramatic change but would still not prevent troubling 
impacts. 
In the year 2000, Chicago emitted 34.7 million metric tons of carbon dioxide 
equivalents of greenhouse gases – 12 tons for each of Chicago’s 2.9 million 
residents, or 32 tons per household. Chicago’s per capita emissions, excluding air 
travel, are higher than New York (7 tons) and London (6 tons), but lower than 
Denver (19 tons). The detailed scheme can be seen in figure 3.5. 
 
Figure 3. 5 : Greenhouse gas emissions of cities (Chicago Climate Action Report). 
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The Task Force agreed that Chicago needs to achieve an 80 percent reduction below 
its 1990 greenhouse gas emissions level by the year 2050 in order to do its part to 
avoid the worst global impacts of climate change. To achieve the desired 80 percent 
reduction, the Task Force proposed an initial goal of a 25 percent reduction below 
1990 levels by 2020, a midterm goal that was far enough in the future to allow time 
for major infrastructure and behavioral changes, but soon enough to ensure we are on 
the right course. 
A team of researchers analyzed Chicago’s building stock, transportation systems and 
energy infrastructure to identify emissions reduction actions. The Task Force and 
several hundred stakeholders then reviewed all the research findings on climate 
impacts, greenhouse gas emissions, and mitigation and adaptation strategies. 
The Chicago Climate Task Force settled on 26 “mitigation” or emission reduction 
actions together, which could provide a map for Chicago to reach that goal. Each of 
these actions evaluated and chosen with their reduction potential, cost and 
effectiveness criteria, feasibility, benefits and burdens, regional impact, rapid 
deployment criteria. 
The actions needed to reach Chicago’s 2020 goal fall into five strategies: 
• Buildings; account for approximately 70 percent of all city emissions and are 
the primary target for reductions. 
• Clean and renewable energy resources; include higher standards for fossil 
fuel plants and replacing energy from fossil fuel plants with renewable 
energy. 
• Transportation; accounts for 21 percent of all greenhouse gas emissions in the 
city. It is needed to reduce the amount of people drive and improve vehicle 
fuel efficiency. 
• Waste and industrial pollution; account for a much smaller share of Chicago’s 
emissions, but waste and industrial processes are needed to be changed to 
achieve the emission reduction goal. 
• Adaptation; is extremely important to ensure that the City can manage the 
changes that will come because of the level of greenhouse gases already in 
the atmosphere. 
89 
Beyond averting changes to climate, these actions have the potential to offer many 
other important benefits. Thousands of jobs may be created annually once the actions 
are under way.  
The City is working with the Center on Urban Economic Development, Center on 
Wisconsin Strategy and Green for all to develop a comprehensive green jobs strategy 
to fully understand the job development potential in each area of mitigation and 
adaptation. Most of the strategies in that plan are cost-effective and are 
improvements that will often pay for themselves. 
Chicago will continue to see an increase in its population, which is why improving 
energy performance the majority of the city’s buildings, is a prime target of Climate 
Action Plan. That goal could be achieved with a concerted effort by government and 
its many public and private partners along with residents improving the energy 
efficiency of their own homes. 
To address climate change, the world must require higher efficiency from existing 
energy sources and move to cleaner power sources. Upgrading or repowering the 
twenty-one coal plants in the state of Illinois, including two in Chicago, could yield 
substantial reductions.  
Implementation of a national cap and trade system will also help achieve this goal. 
As new power plants replace the old ones, it is essential that they be built to high 
standards for efficient operations. It also is important to improve the efficiency of 
existing electricity generation plants in the region that supply Chicago’s power. 
Chicagoans travel to a variety of places—they commute to work, drive to the store, 
go to the doctor, make a trip to the health club, go out for dinner. Currently, cars, 
trucks, buses and trains produce 21 percent of the city’s greenhouse gas emissions.  
To lower emissions, a high-quality transportation system must include a mix of 
public transit, bicycling, walking, car sharing, energy efficient vehicles and the 
development of transit-oriented neighborhoods. In figure 3.6, detailed annual carbon 
dioxide emissions per household from auto use can be seen. 
Chicago has the nation’s second-largest transit system; with an average weekday 
Chicago Transit Authority (CTA) ridership of 1.6 million rides (approximately one-
third by rail and two-thirds by bus). The CTA has 222 miles of track and 144 train 
stations in the Chicago area. 
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Figure 3. 6 : Chicago Metropolitan area annual carbon dioxide emission map from 
auto use. (Url-22). 
After a serious decline in the 1980s, ridership has made a major rebound; between 
1997 and 2007, CTA annual ridership jumped by nearly 55 million rides. Metra, 
which offers commuter rail in the metropolitan region, is also a key feature in the 
city’s transit landscape. One-third of Metra stations are in the City of Chicago and 
300,000 trips are provided via Metra into the city every day. 
The rise in ridership and Chicago’s extensive transit system are excellent starting 
points for reducing greenhouse gas emissions. But to seriously cut emissions, the 
regional transit system needs further development. Key route extensions and 
innovative services, such as an integrated bus rapid transit network that spans a 
number of the city’s arterials, will show more Chicagoans that public transport is an 
attractive alternative to being stuck in traffic. Thus a prime goal should be to promote 
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infrastructure investment from state and federal government and service 
improvements that could help boost ridership by up to 30 percent. If that 30 percent 
target is reached, greenhouse gas emissions from transportation could drop. In 
addition, Chicagoans could experience better transit service, less congested roads and 
the huge economic benefit of jobs created to maintain the system, add routes and 
improve service. Targeted public information campaigns can educate Chicago 
motorists about the personal savings that come from switching to public transport—
as much as $400 a month when totaling fuel costs, insurance and parking. Companies 
can help with employee benefits such as pre-tax transit passes and cash payments to 
employees who give up the use of employer parking facilities. 
Chicago also needs to reduce the amount of waste sent to landfills. A “Three R” 
initiative – reduces, reuse and recycle – is one way to achieve this goal. It is essential 
that both individuals and businesses join in the effort, and there are many 
opportunities to do so. Companies can reuse their industrial byproducts and can 
research methods to responsibly dispose of food and landscape waste. Consumers 
can recycle packaging materials and learn about home composting from programs 
already in place at the Shedd Aquarium and Garfield Conservatory. The payoff will 
be significant: a 90 percent reduction in waste trucked to landfills by the year 2020 
could net about a .84 MMTCO2e (million megatons of carbon dioxide equivalents) 
drop in emissions. To help individuals recycle, the City will continue to educate 
residents about recycling and roll out its Blue Cart program across Chicago. Rapid 
Blue Cart expansion will help reduce the amount of waste produced, while allowing 
the waste that is produced to be safely returned to nature. Major steps to educate the 
public about this and other aspects of Chicago’s waste reduction initiatives are being 
planned. 
The waste reduction strategy also requires that Chicago restructure its methods of 
garbage pickup and transport. Hauling and disposing of waste releases significant 
amounts of carbon dioxide, mostly generated by trucks that service residential and 
commercial buildings. Currently, building owners in the same area contract with 
many different private haulers. 
The most obvious change to come could be hotter summers and more frequent and 
intense heat waves. Hot days could feel even hotter because of higher humidity. 
More heat waves will mean more heat-related illness and deterioration in the quality 
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of air we breathe. Higher temperatures will also boost demand for electricity and put 
stress on power plants. It will cost more to maintain roads and buildings because of 
increased wear and tear. Landscaping costs will rise, too, as a result of heat stress and 
a longer blooming season. Costs of both police and fire services could be higher—
police receive more calls during heat waves, and hot days could result in more fires 
and power outages. 
Heavy rains and snows could become more frequent in winter and spring. Increased 
intensity of downpours will make travel more dangerous, flood basements, pollute 
bodies of water, damage crops, stress the city’s infrastructure and disrupt 
transportation. During summer, rains may fall more heavily but less frequently, 
translating to more dry spells as well. Chicago’s native ecosystems could change, 
too. Chicago’s plant hardiness zone has already shifted to that of central Illinois in 
1990. If left unchecked, climate changes would make plant hardiness zone equivalent 
to that of northern Alabama by the end of the century. Even if greenhouse gas 
emissions are dramatically reduced, plant hardiness zone could resemble that of 
southern Missouri. Tree species like maples and white oak will diminish. Aspens and 
paper birch trees will become rare or disappear. Native birds and animals will have 
trouble adapting to new climate; some will perish, many will migrate to more 
hospitable climates, if pathways allow them to do so. New plant and insect pests are 
likely to take hold, some of which will contribute to allergies and disease. It’s 
important to note, however, that projected impacts to Chicago are much less than 
other cities, especially those on the coasts. Chicago’s geography will protect it from 
some of the most severe impacts. As a result Chicago has to come up with adaptation 
strategies to handle problems that come with climate change and become a resilient 
city. 
3.3 Chicago’s Adaptation and Mitigation Strategies 
In late 2006 Chicago’s Mayor asked the Chicago Department of Environment to 
launch a Climate Change Initiative and the Chicago Climate Change Task Force 
guided this effort. The Task Force included representatives from business, civil 
society, government, and labor, who were tasked with developing a climate action 
plan for Chicago. The City of Chicago quantified its greenhouse gas emissions 
baseline. It assessed the risks and opportunities that face Chicago related to climate 
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change. It worked with hundreds of individuals and organizations to set a goal for 
reducing Chicago’s greenhouse gas emissions, choose cost-effective actions to 
reduce its emissions (mitigation), prepare for climate change (adaptation), and take 
advantage of the opportunity to improve quality of life and create new jobs for 
Chicagoans. 
The most important step that Chicago has taken in response to global climate change 
is to commit to reduce greenhouse gas emissions. There still is time to avert the 
worst impacts of climate change if all cities, states, and nations take action. However, 
while global efforts to reduce greenhouse gas emissions can vastly reduce climate 
impacts, they cannot eliminate them. Cities and businesses need to build capacity to 
adapt to climate change. 
The City of Chicago commissioned leading climate scientists at the University of 
Illinois and Texas Tech University to analyze what climate change impacts on 
Chicago could be, and then hired MWH, an engineering consulting firm, to use this 
research to develop a methodology and recommended actions to help the City 
prepare for a changing climate.  
The City asked MWH to create a planning document to integrate adaptation actions 
into the City’s routine business processes at both strategic and tactical levels. In first 
place, overall risk scores for each identified impact obtained as the product of the 
“consequence” score and the associated “likelihood” score for the driving climate 
prediction. Impacts with risk scores of 15 and higher were classified as “High”, 
impacts with risk scores in the range 9 to 14 were classified as “Moderate”, and 
impacts with risk scores lower than 8 were classified as “Low”. 
Table 3.1 contains a summary of all impacts ranked as moderate or high and 
illustrates the activities primarily affected by these risks and also provides a rough 
indication of time frame during which Chicago municipalities, businesses and other 
organizations may realize the risk. Figure 3.7 shows the classification scheme for 
overall climate risks likelihood. 
The City of Chicago believes that adaptation and mitigation must be closely aligned. 
Vegetated roofs, for instance, cool the city as temperatures rise and retain water 
during storms (adaptation), while they also help increase the energy efficiency of 
buildings (mitigation). 
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Figure 3. 7 : Classification scheme for overall climate risks (Chicago Climate Action 
Adaptation Report). 
Table 3.1 : Chicago’s climate impacts and risk assessment (Chicago Climate Action 
Adaptation Report). 
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Increase in heat related deaths High Now X X  X  X X X X X  X  X  
Increase in heat related 
hospitalization 
High Now    X   X X X X      
Increase in health impacts due to 
“water-in-basement” incidents 
High Near X   X    X  X X  X   
Increased in annual energy costs High Near X X X X X X  X X X X X X X X 
Increase in tree replacement costs and 
landscape maintenance activities 
High Mid X  X        X X  X  
Damage to key infrastructure High Mid X X   X X     X X X  X 
Impact to local wetland restoration 
and mitigation efforts 
Moderate Now   X           X  
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Increase in insurance premiums, 
deductibles, exclusions, and/or 
number of underinsured properties 
Moderate Now X         X      
Increase costs for response action and 
cleanup after heavy rain events 
Moderate Near    X    X X  X  X X X 
Damage to property and increasing 
cost of insurance due to overbank 
flooding in area rivers 
Moderate Near    X    X X X X X X X X 
Need to get greater penetration of 
A/C to residential units 
Moderate Near X     X    X      
Damage to property and increasing 
cost of insurance due to stormwater 
Moderate Mid X   X   X   X X  X  X 
Higher costs associated with 
managing invasive species 
Moderate Mid   X          X X  
Increased potential for shoreline 
erosion/storm damage 
Moderate Mid   X      X     X  
Possibility of higher 
frequency/severity of storms 
Moderate Mid    X    X X  X   X  
Increase in Ozone-related health 
impacts (hospitalization, illness) 
Moderate Mid    X      X    X  
Reduction in “services” provided by 
urban forest 
Moderate Mid              X X 
Increase in replacement and 
maintenance costs for fleets 
Moderate Mid    X X    X  X X X X  
Lower revenue from summer events Moderate Mid  X         X     
Notes: 
** Now = Already happening, Near = 2010 – 2039, Mid = 2040 - 2069 
Increasing the size of the Chicago urban forest canopy can provide shade to decrease 
the urban heat island effect (adaptation) and reduce energy demand to cool buildings 
(mitigation). Rain gardens and permeable pavement capture stormwater on site 
(adaptation), reducing the amount of stormwater that must be pumped and the energy 
required to pump it (mitigation). In table 3.2 Chicago’s mitigation strategies and 
carbon dioxide equivalent reductions can be examined. 
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Table 3.2  : Chicago’s mitigation strategies and carbon dioxide equivalent reduction 
(Chicago climate action plan full report). 
Category Mitigation Strategy Description 
CO2e 
Reduction 
MMT 
Framing 
1 Provide leadership on climate issues. 
Continue and expand City leadership on climate 
strategy and implementation, including local 
leadership and strong advocacy in regional, state, 
and federal legislation and policy. 
Framing 
Strategy 
2 
Promote behavioral change 
among residents and businesses 
that will elicit continuing 
response and action on climate 
change. 
Implement widespread educational and action-
oriented programs. GHG reduction assumes half of 
all households and commercial buildings adopt five 
behavioral changes by 2020 (heating/cooling 
temperature adjustments, turning off light bulbs, 
replacing air conditioner filters, and reducing 
“phantom load”). 
0.80 
3 
Use measurement, verification, 
data, and metrics to track and 
target actions, and to 
continuously improve 
performance. 
Develop, track, and share information on mitigation 
strategies and results. 
Framing 
Strategy 
4 Encourage early action and rapid change. 
Ensure rapid implementation of mitigation 
strategies. 
Framing 
Strategy 
Cross-cutting 
5 Enact a carbon tax. 
Put leadership capacities behind passing a 
nationwide carbon tax. Savings assume that a 
carbon tax would be enacted that reduced national 
and local emissions to meet target of 25 percent 
reductions from 1990 levels by 2020. 
15.10 
6 Enact a cap and trade system. 
Put leadership capacities behind passing a 
nationwide cap and trade system for greenhouse 
gases. Savings assume that a cap and trade system 
would be enacted that reduced national and local 
emissions to meet target of 25% reductions from 
1990 levels by 2020. 
15.10 
7 Implement efficient urban form. 
Promote transit-oriented development. Calculates 
benefit from growth in population locating near 
transit. 
0.159-0.623 
Energy 
Demand 
8 Energy retrofits in residential buildings. 
Retrofit 47 percent of existing residential buildings 
(400,000 units) by 2020, with 30 percent reduction 
in energy use/unit. 
1.30 
9 Energy retrofits in commercial and industrial buildings. 
Retrofit 50 percent of commercial and industrial 
buildings by 2020 resulting in a 30 percent 
reduction in energy use/building. 
1.30 
10 Appliance trade-in. 
Supplement natural turnover of appliances and light 
bulbs with targeted appliance trade-in and CFL 
replacement for low income 
households. 
0.28 
11 Green building renovation. 
Require all commercial (1,000 buildings) and 
residential (60,000 units) renovations to meet 
Green Renovation Standards. 
0.31 
12 
Update and improve 
enforcement of City energy 
code. 
Update the City of Chicago’s energy code to 
include more stringent conservation guidelines; 
require compliance at the point of sale of all 
residential property. 
1.13 
13 
Provide permitting incentives 
to new construction green 
buildings. 
Require that all new residential (65,000 new 
homes) and commercial (4,000 new commercial 
buildings) construction be built to LEED or 
equivalent standards by 2020. 
1.17 
Energy 
Supply 
14 Build renewable electricity generation. 
Encourage replacement of fossil fuel-fi red plants 
with renewable plants reducing emissions by 20 
percent; contract with alternative electricity 
generators to supply a portion of the City’s power; 
create tax credits for purchasing energy from low-
emitting alternative sources; support Renewable 
Portfolio legislation in Congress. 
3.00 
15 Repower existing power plants. Repower 21 coal-fi red plants in Illinois. 2.5 
16 Sequester carbon in new plants. New electricity-generating plants use latest carbon sequestration technology. 2.17 
17 
Distributed generation and 
combined heat and power 
projects. 
Adapt goals set in Chicago’s 2001 Energy Plan to 
expand the use of Distributed Generation and 
Combined Heat and Power projects. 
1.12 
18 Household renewable energy generation. 
Increase household-scale renewable power (100 
percent electric replacement) and solar domestic 0.28 
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hot water (25 percent natural gas reduction) to 5 
percent of the housing stock. 
19 Enforce efficiency standards for new generation. 
Support policies for implementing energy 
efficiency standards for new and existing fossil fuel 
generation regionally and nationally. 
1.04 
Transportation 
Mobility 
Options 
20 Increase transit service. 
Ensure stable funding for mass transit, then 
increase ridership 30 percent above business as 
usual. 
0.83 
21 Increase walking and bicycling mode share. 
Enact measures to double the pedestrian-bicycling 
mode share to one million trips/day. 0.01 
22 Increase car sharing, carpooling and vanpooling. 
Increase car-sharing vehicles by 10 percent 
annually, carpools by 10 percent, and vanpools by 
20 percent over business as usual. 
0.30 – 0.51 
23 Develop intercity high-speed rail network. 
Enact measures to generate regional high-speed rail 
ridership of 13.6 million annually by 2025. 0.006 
Transportation 
Petroleum 
24 Increase supply and use of alternative fuels. 
Reduce CO2e per gallon of fuel by 10 percent 
through use of alternative fuels. 0.68 
25 Increase fleet efficiency. 
Transition all taxis to electric hybrids by 2020; 
adopt B20 biodiesel for school buses and garbage 
trucks; use hybrid buses for the CTA. Note: 
including all fleets would increase this number. 
0.21 
26 Enable more efficient use of fuels. 
4 percent annual increase in gas mileage starting in 
2010, through measures such as user fees for 
vehicle ownership, fee bates, increased gas taxes, 
and anti-idling ordinance. 
0.51-0.86 
Transportation 
Demand 
27 Implement efficient freight movement. 
Increase freight by rail and waterborne modes; 
allow for swift movement of goods where mode 
shift cannot be accomplished; implement land use 
and planning practices to lower greenhouse gas 
impact from freight; make rail more efficient. 
1.61 
28 Enact automobile user fees. 
Implement a congestion-pricing system by 2020; 
phase in a market-based parking-pricing system for 
25 percent of all metered spaces over a five-year 
period. 
0.02-0.38 
29 
Balance the cost of 
transportation in proportion to 
greenhouse gas production. 
Mandate parking cash-outs; vary city-sticker fees 
based on vehicle fuel efficiency; encourage 
employers to offer pre-tax transit passes. 
0.03 
Industry 
Production 
and Produce 
30 Use of alternative refrigerants. 
Influence state and national leaders to begin a 
phase-out of HFCs, following the model of the 
Montreal Protocol, and achieve a 50 percent 
reduction from the business-as-usual forecast for 
2020. 
1.16 
Waste and 
Water 
31 Zero-waste policy. 
Implement zero-waste policy. Includes expansion 
of recycling, requirements for City contracts, and 
elimination of methane emissions. 
0.84 
32 Water efficiency. Reduce water-supply use and manage water and sewer effluents. 0.13 
Land Cover 
and Forestry 33 
Reduce emissions through tree 
planting and green roofs. 
Add 500 green roofs and 83,333 trees planted 
annually by the public and private sectors. 0.10 – 0.17 
Chicago’s Green Steering Committee of departments and sister agencies led by the 
Mayor’s office already has formed four multi-departmental working groups to 
consider the MWH report and other information to develop adaptation plans. The 
Office of Emergency Management leads an extreme heat group. The Department of 
Water Management is leading an extreme precipitation group, while the Department 
of Planning and Development is leading an ecosystem group. The Departments of 
Transportation, Buildings and Aviation are co-leading a buildings, infrastructure, and 
equipment group. Finally, a leadership, planning, and communications group is led 
by the Department of Environment. Each group is developing action plans that 
include primary actors, timelines, and budget implications. This process is the first 
step in making climate change adaptation part of business as usual in Chicago. 
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The City of Chicago takes seriously its role in providing credible information and 
education about climate change to every community in the Chicago region. The 
MWH methodology and the recommended action steps may be of value for 
consideration by other municipalities and, in some cases, by companies and 
organizations in the region, even though they only address local impacts to the City 
of Chicago. 
Chicago Municipality has also created an organizational planning framework for 
climate change adaptation program that includes; embedding climate change 
adaptation considerations into planning processes, breaking down existing “silo” 
mentalities and foster cooperation, being capable of responding to climate change 
knowledge that is incomplete and dynamic. 
A collaborative process may be most important, as climate-related risks touch many 
departments and cover many aspects of life. The approach that the City of Chicago 
has taken is to create a coordinating team of senior leadership, supported by 
interdepartmental or organizational working groups. Coordinating Team (i.e. 
Steering Committee) responsibilities could include the following: 
• Developing a common knowledge base 
• Assessing risks and timing 
• Reviewing and setting priorities 
• Benchmarking against other cities and organizations 
• Funding 
• Monitoring and sharing implementation progress 
The primary functions of the working groups could include: 
• Conduct appropriate response planning and lead implementation activities 
• Focus on implementation of identified priority projects 
• Identify and remove obstacles and barriers to success 
• Facilitate cross-departmental data and knowledge sharing 
• Report progress back to the Steering Committee 
(Chicago Area Climate Change Guide) 
99 
The City of Chicago is already expanding its program to encourage departments to 
specify more environmentally friendly products. The goal is to buy products/services 
that will function as intended over their expected lifetime – including the anticipated 
new climate conditions. Municipalities, businesses and organizations across Chicago 
could take the following steps: 
I. Develop a simple checklist to ensure procurement is in general alignment 
with climate change adaptation objectives and train procurement specialists in 
its use. To maximize win-win procurement choices, the checklist need not be 
limited only to adaptation measures, but could also incorporate objectives for 
reducing greenhouse gas emissions (mitigation) as well. From an adaptation 
standpoint, procurement offices could require answers to a series of questions 
with every purchase request, including: 
a. Does the product or service have any climate-related component? 
(Y/N) 
b. Useful Life: 
i. Does the product or service have more than a 10-year life 
span? (Y/N) OR 
ii. If this is a replacement product or service, for how long has 
earlier version been in place? (If longer than 10 years then 
assume replacement will also have similar life) 
c. Predicted Operating Scenario: 
i. Do the relevant climate change predictions indicate a 
deteriorating or improving operating climate? (Y/N) 
ii. Has specification been written to accommodate latest relevant 
predicted climate scenario? 
d. Cost Justification: 
i. What is the estimated additional cost (saving) of purchasing 
“climate sensitive” product/service? 
ii. What is the estimated benefit (better performance, more 
reliability, longer service life, less maintenance)? 
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iii. Does benefit outweigh cost? 
II. Develop a list of definitely included or exempted products/services based on 
their use and related climate impacts. 
III. Much of the initial work must be focused on awareness building, training, 
development of contract clauses for standard bidding documents, and 
technical specifications or guidance on climate change concerns. 
(Chicago climate action booklet) 
Procurement policies can be catalytic, as they not only embed climate impacts in 
business thinking and encourages/requires suppliers to consider climate change, but 
also build demand for climate-sensitive products and services that have potential to 
improve adaptation economics over time. 
While each organization must find its own win-win responses to climate change, the 
City of Chicago believes that the broad adaptation strategies that MWH 
recommended based on projected Chicago climate impacts and interviews with City 
departments and sister agencies provide useful guidance for other municipalities and 
businesses preparing for climate change. The City of Chicago is evaluating these and 
other strategies for its own adaptation implementation plan through a multi-
departmental work group process that also includes other expert stakeholders. MWH 
followed a series of steps to recommend adaptation strategies and actions: 
• Group the highest priority (risk) impacts and brainstorm adaptation strategies 
and actions to counter them. 
• Evaluate the costs and benefits of each action. 
• Choose a mix of actions that has the best benefit-cost ratio. 
• Evaluate the effectiveness (or efficacy) of the plan and revise it. 
Each strategy builds off of existing City programs and initiatives. Because these 
strategies are responses to projected climate changes for the Chicago Metropolitan 
Region, they may be of value for consideration by other municipalities, companies 
and organizations in Chicago and the Chicago Metropolitan Region, although some 
may be less relevant to individual businesses. The climate change impacts are 
grouped according to the primary themes identified by UIUC/TTU in its Climate 
Change Impacts Report in Table 3.3. 
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Table 3.3 : Significant Climate Change Impacts by Adaptation Strategy (Chicago 
Area Climate Change Guide). 
Strategy Impacts 
Reduce vulnerability to 
extreme heat events 
Increase in heat related deaths 
Increase in heat related hospitalization 
Increase in ozone-related health impacts 
Lower revenue to City from events 
Reduce vulnerability to 
extreme precipitation events 
Increase in health impacts due to “water in basement” incidents 
Damage to property and increasing cost of insurance due to 
stormwater 
Increased costs for response action and cleanup after heavy rain events 
Possibility of higher frequency/severity of ice storms 
Damage to property and increasing cost of insurance due to overbank 
flooding in area rivers 
Increase in insurance premiums, deductibles, exclusions, and/or 
number, of underinsured properties 
Reduce vulnerability of 
buildings, infrastructure, 
and equipment to extreme 
climate conditions 
Increased annual energy costs due to probable need for additional air 
conditioning/cooling during summer 
Damage to key infrastructure caused by extreme weather events 
Increased potential for shoreline erosion/storm damage 
Need to get greater penetration of A/C to residential units 
Increase in replacement and maintenance costs for City vehicle fleets 
Reduce vulnerability to 
ecosystem degradation 
Increase in tree maintenance and replacement costs 
Increase in landscape maintenance costs 
Potential higher costs associated with managing invasive species 
Reduction in “beneficial services” provided by urban forest resources 
Potential impacts to local wetland restoration/mitigation efforts 
Increase the overall level of protection of natural resources to manage 
declining species diversity and related degradation of ecosystems 
Based upon the MWH analysis, potential adaptation actions for businesses and other 
organizations in Chicago and the Chicago Metropolitan area include; neighbors 
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checking up each other, opening up more “cooling centers” during heat events, 
supporting efforts to get greater penetration of efficient A/C to residential units in 
areas of high-risk resident populations and ensuring that employees and tenants have 
adequate cooling and information during heat events. 
Chicago has been a national leader in addressing the Urban Heat Island phenomenon, 
through green roof construction, and also through the Green Alley Initiative. The 
City of Chicago has for nearly a decade worked to reduce the Urban Heat Island 
effect, and (along with Baton Rouge, Houston, Sacramento and Salt Lake City) was 
selected in 1998 to be involved in the EPA’s Urban Heat Island Pilot Project 
(UHIPP) as part of the Heat Island Reduction Initiative (HIRI). The City is in the 
process of taking additional steps to address the Urban Heat Island phenomenon. 
Based upon the MWH analysis, potential adaptation actions for businesses and other 
organizations in Chicago and the Chicago Metropolitan area include; identifying 
“hotspots” within the city including buildings and parking lots, and inform and help 
drive decisions towards temperature reduction, energy savings, and air quality 
improvement; optimizing routine tree planting to take into account and offset the 
urban heat island effect; participating in tree planting campaigns in priority planting 
areas, and developing and sharing best practices with other organizations. 
Higher temperatures will exacerbate smog. Meeting the ozone standard is the first 
step in addressing this challenge. The State of Illinois designated the Chicago metro 
counties (Cook, DuPage, Kane, Lake, McHenry, Will, Grundy (partial), and Kendall 
(partial)) as non-attainment areas for the 8-hour ozone standard. The State is 
preparing a State Implementation Plan (SIP) for attainment planning for the non-
attainment counties. Based upon the MWH analysis, potential adaptation actions for 
municipalities, businesses and other organizations in Chicago and the Chicago 
Metropolitan area include the following steps to avoid worse air quality under a 
higher temperature regime; supporting public transit discount days (especially during 
the Ozone season) and providing public transit, tax-free, flexible, spending account 
benefits to employees; sharing information with employees and residents about ways 
they can reduce ozone precursor emissions through energy conservation, lawn 
maintenance, and public transit; encouraging less engine idling for trucks, buses, 
locomotives, and marine vehicles; using natural landscaping to reduce emissions 
from mowers and maintenance equipment; using low VOC building materials, 
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including adhesives, caulks, manufactured wood products, paints, thinners, and 
primers below USEPA VOM limits; and participating in green programs that reduce 
energy use. 
Chicago also has prepared an adaptation strategy to reduce vulnerability to extreme 
precipitation, that includes climate change impacts like possible sever ice storms and 
damaging property. The City of Chicago is served by a combined (sanitary and 
stormwater) sewer system, much of which was built over one hundred years ago. 
Historically, the system has suffered two major problems: combined sewer overflows 
(CSOs), which is the term given to discharges of untreated sewer water to area 
waterways when the largest sewers (interceptors) are flowing full, and local 
basement flooding during intense rain events when the local collector sewer network 
is full. These two separate problems have separate solutions, which are currently 
being implemented. 
A viable first step in incorporating climate projections into stormwater planning 
would be to incorporate projected conditions into MWRD (Metropolitan Water 
Reclamation District) watershed studies, which are part of a well-resourced program 
and offers a real opportunity to be a catalyst for a change in thinking. These studies 
build on the need for interagency cooperation while taking advantage of MWRD’s 
scientific capability and resources. Inclusion of potential climate change scenarios in 
hydrological planning by a nationally recognized agency would be groundbreaking 
in the US, and therefore catalytic in nature. 
The City of Chicago sewer infrastructure system can often handle only up to a two-
year storm event. The Department of Water Management is making headway in 
analyzing and understanding the current system problems, which range from capacity 
issues and condition issues, to maintenance and staffing issues. Under climate 
change, it appears that the current problems and funding issues will be exacerbated. 
It is important for cities throughout the region to understand and factor in these 
impacts through stormwater management studies. 
Distributed solutions (e.g., downspout disconnections, rain barrels, permeable 
paving, and green roofs) can play a role in reducing the looming vulnerability, 
particularly in dealing with high frequency/low intensity storms, but they must be 
properly designed/implemented/maintained to be effective, which all takes resources. 
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An important first step is to conduct adequate testing (pilot areas, performance 
monitoring, maintenance cost determination) of distributed solutions to prepare for 
future changes in climate, while conducting long-term modeling/planning studies 
such as that being contemplated by MWRD. 
The Green Urban Design (GUD) plan, the result of an 18-month collaboration among 
City of Chicago departments, sister agencies, nonprofits and private businesses, is a 
good example of the City’s existing effort to use technology, design and process 
improvements to help to adapt to climate change. In 2008, the City planed to 
implement the highest priority steps in the GUD plan. GUD actions include capturing 
as much rain as possible where it falls using permeable pavement, rooftop gardens 
and green alleys. Current activities under the City of Chicago’s Green Urban Design 
(GUD) program, which could be incorporated into distributed solutions for 
stormwater management, including: paving permeability compatibility with 
stormwater ordinance – allowing permeable paving solutions, resolving conflict 
between mandatory sewer connection and City Stormwater management regulations 
and policies, enforcing maintenance requirements, developing green roof 
specifications, improving/clarifying environmental requirements for paving 
materials, creating and restoring wetlands (stormwater parks) to help manage 
Stormwater entering the river, using spaces adjacent to the right-of-way to manage 
stormwater, and developing a system of landscapes that are designed, managed and 
monitored to be part of the City’s stormwater management infrastructure. 
Based upon the MWH analysis, potential adaptation actions for businesses and other 
organizations in Chicago and the Chicago Metropolitan area include; to design and 
manage landscapes to be part of the City’s stormwater management infrastructure, to 
use permeable paving solutions and reduce impervious area whenever possible, to 
keep yards of residences and property of businesses permeable, to exceed 
Stormwater Management Ordinance retention and Landscape Ordinance 
requirements, to install green roofs, to create and restore wetlands to help manage 
Stormwater entering the river, and to create stormwater parks to reduce stormwater 
runoff and provide green spaces. 
As already outlined in the City of Chicago’s Green Urban Design report, city 
government could bring together municipal agencies that have a role in planning and 
managing stormwater with city agencies that acquire, hold or manage vacant land to 
105 
determine the issues in using landscapes to manage stormwater in “stormwater 
parks”. This effort, which could be an ideal initial activity to launch development of 
a Stormwater management plan that addresses future climatic conditions, could be 
enhanced by also bringing other Cities and municipalities to the table to share best 
practicable approaches. “Stormwater parks” can have the benefits like; reducing 
stormwater runoff at a City-block scale (parcels and streets); providing urban green 
spaces; bringing some surface water features to watershed. 
Buildings, infrastructure and equipment will be subjected to more extreme climate 
conditions and events in the future. These conditions will place these facilities at 
increased risk of performance failure. If building owners are to continue to deliver 
the same level of service and responsiveness that people have become accustomed to, 
it will be necessary to implement adaptive responses to mitigate these risks and 
assure service levels do not decline due to extreme climate events. The objective of 
this adaptation strategy is to address the climate change impacts that are; stress on 
the power pool due to more summer heat waves, increased annual energy costs due 
to probable need for additional air conditioning/cooling during summer, increased 
vehicle-fleet replacement and maintenance costs, damage to key infrastructure (pump 
stations, electrical distribution equipment, etc.) caused by extreme weather events 
(temperature and/or precipitation), increased potential for shoreline erosion/storm 
damage. 
Hot summers and long heat waves could stress power delivery. Potential adaptation 
actions for municipalities, businesses and other organizations in Chicago and the 
Chicago Metropolitan area include; undertaking a power vulnerability study given 
climate change (power vulnerability is particularly important for hospitals and other 
institutions on which Chicagoans rely), reducing energy use, switching to renewable 
energy sources to meet the need for cooling without increasing greenhouse gas 
emissions, distributing current energy sources to improve resiliency of the existing 
system and assure critical facilities remain on line during extreme heat events. 
Fleets also may be stressed by changes in extreme heat. Potential adaptation actions 
for municipalities, businesses and other organizations in Chicago and the Chicago 
Metropolitan area include; change purchasing of vehicles to achieve necessary heat 
tolerances and change maintenance schedules to take into account greater stress on 
fleets. 
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Based upon the MWH analysis, potential adaptation actions for municipalities, 
businesses and other organizations in Chicago and the Chicago Metropolitan area 
include; taking projected climate changes into account in new development through 
analysis of building tolerances to changes in weather and building placement in 
relation to potential for flooding, and doing the same for building and property 
renovations. 
Long term temperature changes coupled with changes in precipitation patterns and 
storm severity are expected to have significant impacts on natural ecosystems within 
the City of Chicago as a means of assuring continued ecosystem diversity and to 
protect these natural resources from degradation as a result of climate change. 
It is recognized that climate change could disrupt ecosystems and precipitate regional 
shifts in vegetation and habitat. Predicting how specific species will adapt to climate 
change is difficult at best, but it is generally understood that in the Upper Midwest 
ecosystems will migrate northward. 
The objective of this adaptation strategy is to address the following potential climate 
change impacts to the City of Chicago; increase in tree maintenance and replacement 
costs, increase in landscape maintenance costs, potential impacts to local wetland 
restoration/mitigation efforts, increase in the overall level of protection of natural 
resources required dye to declining species diversity and related degradation. 
The City of Chicago and its sister agencies have many programs already in progress 
that contribute toward reducing the vulnerability of future ecosystem degradation. 
The Chicago Wilderness consortium, an alliance of over 200 public and private 
organizations, published “The State of Our Chicago Wilderness: A Report Card on 
the Ecological Health of the Region” in 2006 and continues to work at protecting, 
restoring, studying, and managing the natural ecosystems of the Chicago region. 
Climate change will further endanger vulnerable or threatened species in the region. 
As the climate warms, it will no longer be suitable for some species. Also, current 
insect and plant pests are likely to reproduce faster and cause more damage. Pests 
may move from the south into the Chicago region. 
Potential adaptation actions for businesses and other organizations in Chicago and 
the Chicago Metropolitan area that have significant interaction with natural 
ecosystems include; to protect native species, regional businesses and property 
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owners can support more intensive strategies of ecosystems management and greater 
efforts at conserving vulnerable species, and as some mammals migrate north, their 
migration paths will pass directly through the Chicago region, and be blocked by 
urban and agricultural development. 
Plant hardiness zones are being altered due to climate change. An approved plant list 
could be created in partnership with City departments and public stakeholders. The 
first action should be refinement of a recommended plant list for landscaping (e.g., 
plants that enhance pollutant removal, reduce urban heat island effects through high 
rates of evapotranspiration, or have increased stormwater uptake capabilities). This is 
likely to include adapted canopy tree species, adapted/native drought tolerant 
species, and tall grasses. 
Potential adaptation actions for businesses and other organizations in Chicago and 
the Chicago Metropolitan area that routinely plant and maintain significant areas of 
landscaping, including trees, include; with representatives from the landscape 
nursery industry and other stakeholders, disseminate new plant lists (the landscape 
nursery industry is critical to the long-term success of a new recommended plant list 
since nurseries will be the supply sources for new plants that are not now in common 
use in the Chicago area), and create a program to actively monitor the health of the 
new plant materials installed in select areas to help demonstrate success and provide 
feedback for periodically updating the landscaping plant list. 
Urban trees are proven to provide a wide range of benefits to mitigation of climate 
change impacts, including carbon uptake, localized shading, and cooling, and 
improved stormwater management as well as improving the aesthetic appearance of 
the surrounding area. Climate change impacts will make trees an increasingly 
valuable resource, and potential extremes in weather patterns will demand increased 
management of this important resource to assure its diversity and long-term health. 
In fact, trees must be regarded as part of the urban infrastructure that is just as vital 
as roads, bridges, and utilities. 
The City of Chicago has plans for its urban forest management, but many urban trees 
are located on private property. It is important for private property owners also to 
understand this resource and manage it in the face of climate change. Important 
lessons can be drawn from the publication “Climate Change Adaptation Options for 
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Toronto’s Urban Forest.” Toronto is located at approximately 43 degrees north 
latitude while Chicago is at approximately 41 degrees north latitude. Some of these 
lessons are; budgets often provide for planting new trees for urban forest canopy 
expansion, but comparable funding and resources are not usually available for 
watering and maintenance to ensure that new trees survive and grow to maturity, and 
storm damage to urban trees represents a significant potential cost that must be 
planned and budgeted if the long-term benefits of the urban forest resource are to be 
maximized (damaged trees must be quickly and effectively cared for if they are to 
recover from the damage and continue to benefit the community as they mature). 
Wetlands are proven to provide a wide range of benefits to mitigation of human 
impacts on natural ecosystems, including nutrient uptake, improved stormwater and 
urban runoff management, and provision of habitat for an exceptionally diverse 
group of plants and animals.  
Climate change impacts will make wetlands an increasingly valuable resource to 
Chicago, and potential extremes in weather patterns will demand increased 
management of this important resource. 
Potential adaptation actions for businesses and other organizations in Chicago and 
the Chicago Metropolitan area include; adapting current wetlands management 
practices to future impacts of climate change, and using the adaptive, natural 
treatment capacity of wetlands to mitigate impacts of climate change. 
Illinois farmers can adapt in a number of ways to the changing climate. Some options 
include; adjusting planting and harvesting dates, planting more heat tolerant or 
genetically modified varieties better suited to future climate conditions, switching to 
warmer season crops, and investing more capital in irrigation, crop storage, or 
livestock facilities. 
Climate change can also provide opportunities for farmers. For example, farmers 
could increase their income by growing crops that benefit from increased carbon 
dioxide levels.  
The agricultural industry needs more research to identify strategies and adaptations 
for Illinois farmers. Research could include studies of heat-tolerant or carbon 
dioxide-sensitive soybean crops; ongoing and future pest problems; and economic 
opportunities that benefit both farmers and the environment. 
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With these strategies Chicago has been working on their Climate Change action plan 
and they have made a great progress. The detailed explanation about their progress 
will be given in the next section. 
3.4 What Have Been Done? 
First of all, for energy efficient buildings, there are two fronts; commercial/industrial 
and residential. Chicago currently has upwards of 23,000 commercial, institutional 
and industrial buildings, which range from municipal structures, office buildings, 
schools, universities and hospitals to the corner grocery store. Reducing energy 
consumption and emissions by an average of 30 percent in 9,200 buildings by 2020 
could produce reductions of 1.3 MMTCO2e. A dashboard, as seen below, shows a 
summary of the work Chicago has done. 
 
Figure 3. 8 : Chicago climate action plan dashboard 2010 version 2 (Url-11). 
The Bureau of Forestry plants trees along the public right-of-way throughout the City 
of Chicago (as seen at figures 3.9 – 3.10 – 3.11).  The benefits of trees are numerous 
and ever increasingly important in this age of climate change, in achieving goal of a 
cleaner, greener, sustainable environment. Some of the benefits of the Street Tree 
Planting Program include; improved air quality, reduction of emissions, reduction of 
smog, reduction of the “Urban Heat Island” effect, noise abatement, improved 
aesthetics and increased property values. 
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Figure 3. 9 : Chicago River walk, left picture 1960 (Chicago Architecture Institute), 
and the right picture 2011. 
 
Figure 3. 10 : Michigan Avenue 1960 (Url-23). 
Chicago’s two most prominent large buildings— the Sears Tower and the 
Merchandise Mart—have already set an example. 
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Figure 3. 11 : Michigan Avenue 2011. 
Both have agreed to participate in a new Clinton Climate Initiative program, which 
brings together one of the world’s largest energy service companies, five of the 
world’s largest banks and 17 of the world’s largest cities in a program to reduce 
energy consumption in existing buildings.  
The program provides both cities and private building owners with access to 
financing to retrofit buildings and upgrade them with more energy-efficient products, 
leading to energy savings of between 20 and 50 percent. 
There are slightly more than one million residential housing units in Chicago, 
ranging from single-family homes to multi-family apartments.  
Recent development, plus the sturdiness of Chicago’s building stock, means that at 
least 80 percent of the buildings that exist today will still be standing in 2020.  
If 40 percent of Chicago’s residential housing stock could be retrofitted by 2020, this 
could result in a greenhouse gas emissions reduction of 1.44 MMTCO2e by 2020. 
Low-income families spend up to 20 percent of their income on energy costs. For 
these families, the energy cost savings, are particularly valuable. 
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Figure 3. 12 : City Hall Green Roof (Chicago Climate Change Action Report). 
Since 2001, Chicago has retrofitted 1,400,000 square meters of municipal buildings 
(figure 3.12), constructed 36 green roofs on public buildings totaling more than 
90,000 square meters, retrofitted more than 1000 traffic lights with light emitting 
diodes (LEDs), provided more than 580,000 compact fluorescent light bulbs (CFLs) 
and weatherization materials to residents and weatherized more than 1000 existing 
homes through various City departments.  
All new City buildings are designed and constructed to the LEED (Leadership in 
Energy and Environmental Design) Silver standard, including seven libraries. 
City Hall’s green roof was completed in 2001, and it has more than 20,000 
herbaceous plants including 100 wood shrubs, 40 vines and two trees. As thermal 
camera figure 3.13 shows, the green roof is cooler than the building next to it. 
When buildings are retrofitted for energy efficiency, the reduction in CO2e 
emissions through appliance and light bulb replacement could amount to .28 MMT 
by 2020, they can also be improved for water efficiency, resulting in an additional 
drop of .04 MMTCO2e in greenhouse gas emissions. Simplifying and aligning the 
Chicago Energy Conservation Code with the latest international standards could 
reduce emissions by 1.13 MMTCO2e. 
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Figure 3. 13 : City Hall Green Roof with thermal camera (Url-12). 
The Chicago Center for Green Technology (figures 3.14 – 3.15) was the third 
building in the United States to be designed according to the LEED rating system 
and uses the highest standards of green technology available. It was the first 
municipal building and the first renovation to receive a Platinum rating.  
The center now offers over 200 green educational programs per year to educate 
Chicagoans about green building technologies. In November 2007, a greatly 
expanded Resource Library opened, which allows visitors to browse through the 
latest green technologies in flooring, paint and other products. 
Chicago Green Homes is a voluntary program managed by the City of Chicago to 
encourage the building of healthy and environmentally responsible single-family and 
multi-family homes in the city. The Green Homes Program is modeled on the U.S. 
Green Building Council’s LEED for Homes national certification program, but is 
specific to Chicago. 
Chicago has a growing number of buildings using solar, wind, geothermal and 
combined heat and power. The goal is reaching the large-scale renewable sources 
114 
reducing electricity emissions by 20 percent, enough to replace four coal-fired power 
plants. 
 
Figure 3. 14 : Rooftop Haven for Urban Agriculture, Gary Comer Youth Center. 
 
Figure 3. 15 : Chicago Center for Green Technology. 
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Chicago has installed solar PV (photovoltaic) and solar thermal panels on City 
buildings and schools and for nonprofit customers; more than 20 percent of the 
electricity used in City buildings and 30 percent of that used in Chicago Park District 
facilities was purchased from green power in 2007. The City also attracted a solar 
thermal product manufacturer and used its products to reduce the cost of heating hot 
water in more than 20 City buildings by 70 percent. 
Nonprofit developers are demonstrating that green building is not just for the 
wealthy. A project of Mercy Housing Lakefront (figure 3.16), Near North 
Apartments has wind turbines to generate a portion of its own power. A 1,500-gallon 
rainwater cistern is used for landscape irrigation; gray water is collected from 
showers and sinks and is used to flush toilets. Solar thermal panels, donated by the 
city, supply 30 percent of the energy to heat the building’s hot water. A touch screen 
educates residents about green living. 
 
Figure 3. 16 : Mercy Housing Lakefront wind turbines (Chicago Climate Action 
Plan Report). 
If Chicagoans make greater use of public transit and walk and ride bicycles more, 
they will drive less, achieving more significant long-term emissions reductions. 
Walking and biking are transportation choices that promote health and emit no 
greenhouse gases. The City aims to boost walking and bicycle trips to one million a 
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year, doubling the current number. Proposed steps include the implementation of the 
Bike 2015 Plan and the Chicago Pedestrian Plan, netting a direct .01 MMTCO2e drop 
in greenhouse gas emissions by 2020. The fringe benefits of these plans are many, 
including saving many families the cost of a second automobile. 
When driving is the best option for a particular trip, there are still opportunities to 
increase efficiency and reduce vehicle miles traveled (VMT). Car sharing and 
ridesharing or vanpooling offer alternatives to owning cars that both promote use of 
transit and lower household costs. Research has shown that people whom car share 
drive less.  
Depending on how aggressively this option is pursued, carbon dioxide emission 
savings can exceed .5 MMT. With car sharing, transit users and others can have the 
benefits of a car for occasional trips without the burden of full-time car ownership, 
and they can save thousands of dollars per year in car payments, insurance and 
maintenance costs. 
While increased use of transit and more trips on foot and bike promise a major 
reduction in heat-trapping gases, so do more fuel-efficient vehicles. The City, CTA, 
businesses and residents can transition to more fuel-efficient vehicles, which could 
alone contribute a reduction of .21 MMTCO2e by 2020. Key fleets include buses, 
garbage trucks, taxis and delivery vehicles. The CTA already has 20 hybrid buses in 
a pilot program to gauge their all-weather use and is acquiring an additional 150 
hybrid buses to help to replace the oldest buses in the CTA fleet.  
Chicago Transit Authority has also developed some programs like bike & ride, which 
residents can use buses and trains with their bikes; and park & ride program for 
residents that are living in suburbs can park their cars by Metra stations and take train 
to downtown area. 
Chicago River has Chicago released their first bike plan in 1967 (figures 3.17 – 
3.18), with that they had aimed providing the bicyclist with safe, pleasant, 
recreational and utilitarian bicycling. Expanding the city’s existing bicycle paths to 
their maximum size potential, and then linking the paths to one another by means of 
bicycle safety routes accomplished that objective. 
In 2000 Chicago municipality released a new bike plan. National bicycle statics 
provided by the Bicycle Federation of America indicate that in the past five years the 
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number of adults who use a bicycle for commuting to work, for utilitarian purposes, 
for recreation, and for touring or racing has grown by more than 20% to 93 million. 
 
Figure 3. 17 : Feeder Bicycle Route System, 1967 (Chicago Municipality). 
 
Figure 3. 18 : Comprehensive Bicycle Route System, 1967 (Chicago Municipality). 
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Estimated 90% of current bicycle use is for recreation. Both adults and children find 
bicycling to be an enjoyable way to exercise and to experience what Chicago has to 
offer. Expanded use of bicycles serves the public interest in a number of ways 
beyond improved recreation. Better air quality, reduced energy use, reduced traffic 
congestion and reduced road maintenance costs are additional benefits. Furthermore, 
the commercial use of bicycles for deliveries has become a significant business in 
Chicago. Bicycle delivery services should continue to be encouraged as a means of 
reducing the number of automobiles, congestion, and parking problems in the Central 
Business District. Chicago currently has 188 kilometers of on-street bike lanes, more 
than 48 kilometers of marked shared lanes, many miles of off-street paths (including 
the 30 kilometer Lakefront Trail), more than 12,000 bike racks, and sheltered, high-
capacity, bike parking areas at many CTA rail stations, as seen in figure below. 
Chicago Municipality also has a bike plan for future but this will be mentioned in the 
next section. 
 
Figure 3. 19 : Millenium Park Bike Rent Area. 
The City also supports the implementation of The Energy Independence and Security 
Act of 2007, the first statutory increase in fuel economy standards for automobiles 
since they were first enacted in 1975. The Act specifies a national standard of 35 
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miles per gallon by 2020, which could reduce greenhouse gases by another .51 
MMTCO2e. 
The use of alternative fuels such as biodiesel will also help lower greenhouse gas 
emissions from vehicle exhaust. Gasoline use—and its high emissions—could 
continue to decrease as a range of even cleaner alternative fuels are developed and 
brought to the market, including ethanol made from grasses and agricultural waste.  
The sustainability of any alternative fuel must be further examined from a life cycle 
perspective before widespread adoption. Expanding the supply and use of alternative 
fuels for vehicles in Chicago could net a .68 MMTCO2e drop in greenhouse gas 
emissions. 
Regional transportation initiatives have an important role in this plan. They include 
increasing the efficiency of freight transport, reducing emissions from air travel and 
increasing market share of intercity rail.  
Like other cities, airport emissions are not part of the Chicago baseline calculation. 
Leading the way for the nation, the O’Hare Modernization Program Sustainable 
Development Manual includes a number of actions to reduce air transportation 
emissions, such as high-efficiency aircraft motors and pumps, upgrading of gate 
facilities and improved traffic control to reduce aircraft idling. 
With their reduced waste and industrial pollution strategies Chicago has taken 
important steps. In 2007, the City of Chicago worked with the Chicago 
Manufacturing Center to launch a Waste to Profit Network, which has diverted 
14,000 tons of solid waste from landfills and resulted in new innovative products, 
such as recycled glass countertops.  
Through the Network, which expanded to 100 companies in 2008, unrecyclable 
plastics from Baxter Healthcare and Sherwin Williams are being reused. Network 
member Curb Appeals Materials developed a technology to recycle mixed and 
contaminated plastics into an extricable building material. City has even placed new 
trashcans to encourage public for recycling as seen in figure 3.20. 
Wastewater treatment plants operated by the Metropolitan Water Reclamation 
District (MWRD) in Chicago and nearby in Cook County utilize digester gas to 
supply one-third of their total energy utilization, 920 million kilowatt hours in 2006. 
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Figure 3. 20 : Chicago Recycling Program. 
Digester gas is produced by the fermentation of sewage sludge, a process that turns a 
waste product into power. MWRD undertook projects to increase its utilization of 
digester gas, 81 percent in 2006, to more than 95 percent, and will begin to utilize 
solar power in the coming years to offset the purchase of electricity and natural gas. 
For adaptation Chicago is offering sustainable backyard workshops, to encourage 
water conservation, stormwater management and waste reduction. They have also 
made green alley components part of their standard practices. Made of porous 
pavement, green alleys absorb stormwater into the ground instead of sending it to the 
sewer system for treatment. More than 40 green alleys have been completed, as seen 
figure 3.21. 
 
Figure 3. 21 : The City of Chicago has begun to incorporate green infrastructure in 
its Green Urban Design and Green Alley Programs. 
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Using advanced satellite images the City of Chicago created a map that identifies hot 
spots in the city where urban heat island reduction strategies will have the greatest 
impact. The tear-shaped red field in figure 3.22 falls over U.S. Cellular Field on 
Chicago’s South Side. Over the last 15 years, Chicago has planted more than 
500,000 trees. The enforcement of the 1991 Chicago Landscape Ordinance has 
brought the city 110,000 new trees, including more than 46,000 new street trees—
which represent over 8 percent of Chicago’s estimated street tree population. In 
addition, new private buildings are required to meet reflective roof standards since 
the adoption of the 2001 Chicago Energy Conservation Code. All of these policies 
reduce the impact of new development on the urban heat island and prepare the City 
to respond to areas already experiencing elevated heat. 
 
Figure 3. 22 : Chicago heat island map (Url-12). 
The maps (figure 3.23), generated by the Center for Neighborhood Technology, 
show that people who live in cities produce fewer green house gas emissions from 
their household transportation demand. Total carbon dioxide emissions levels from 
transportation are higher in the city center than the surrounding suburbs and rural 
areas because there are more people per square mile in urban areas than in rural 
areas. However, in the city center, the per household emissions are lower than in the 
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surrounding areas because city households are closer to stores, parks and schools, 
reducing the need for extended trips. 
 
Figure 3. 23 : Annual carbon dioxide gas emission map – Left Figure is traditional 
view and the right figure is emerging view (Url-12). 
Hot days also exacerbate smog, which can trigger asthma and other respiratory 
illnesses. To offset the impact of hotter weather, the City have to intensify efforts to 
reduce air pollution emissions from power plants and vehicle emissions, which react 
with sun to make smog.  
Flooding and heavy rains can create havoc with traffic and damage infrastructure. In 
collaboration with the Metropolitan Water Reclamation District (MWRD), the City 
will prepare a watershed plan that factors in projected climate changes, the first time 
these changes will be included in a Chicago regional infrastructure plan. The City 
will also collaborate with MWRD and other municipal agencies to find ways to use 
available space—from vacant land to parking lots—to manage stormwater. 
There is one city that has been researching about urban heat island effects for a 
while, and trying to find out solutions to reduce the negative impacts. London has 
been in a challenge with heat islands for sometime now.  
Climate change will mean that London experiences warmer, wetter winters and 
hotter, drier summers, with more frequent and more extreme weather events, such as 
heat waves, windstorms and tidal surges. Average summer temperatures are 
predicted to increase by 2.5° to 3.0° C by the 2050’s under a high CO2 emissions 
scenario whilst the number of ‘hot’ days (>30° C) will increase by 5-10 days per 
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year. By the middle of the century, ‘heat wave’ temperatures, such as those 
experienced during the 2003 summer will be an average summer. 
London is particularly vulnerable to high temperatures – our homes, workplaces, 
public buildings, public realm and transport infrastructure are not designed for high 
temperatures.  
Hot weather places additional stress on the body, raising health risks for the 
vulnerable and increasing discomfort for everyone. London’s growth over the next 
decade needs to ensure that new development is located, designed and constructed to 
minimize and if possible reduce its contribution to London’s urban heat island. To 
compare London’s heat island effect to Chicago’s figure 3.24 and 3.25 can be 
reviewed. 
 
Figure 3. 24 : Distribution of surface temperature for 1 km2 grid squares across 
London at 21:30 on August 7, 2003 (Mayor of London Climate 
Booklet). 
London is implementing cool roofs, green roofs, planting trees and vegetation, and 
applying cool pavements to reduce the heat island effect and trying to figure out new 
strategies. 
Over the past 15 years, more than 500,000 trees have been planted through public–
private partnerships in Chicago. The Plan calls for the planting of more than a 
million new trees in parks, parkways and private yards by 2020. 
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Figure 3. 25 : Chicago average surface temperature change 1995 – 2009 (Chicago 
Municipality). 
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Figure 3. 26 : Eco-industrial Park 
The principals of Christy Webber Landscapes formed Chicago Green Works to 
construct Rancho Verde, a 12-acre eco-industrial park (figure 3.26), on the West Side 
of Chicago.  
The entire Rancho Verde site was designed to have an innovative, comprehensive 
stormwater management system. A green roof and two cisterns divert stormwater 
that falls on rooftops. Rainwater that falls on streets is filtered through pervious 
pavers into the gravel base below. Most of the non-vegetated portions of the site are 
paved with gravel, which allows for greater infiltration than concrete. Water that 
cannot be absorbed by the pervious pavement or raised gravel pads is routed into 
bioswales and a central rain garden. 
To prepare for changes in Chicago’s growing zone, the City, nurseries, developers 
and other stakeholders will work together to amend the landscape ordinance to 
accommodate plants that can tolerate the altered climate. The City is working with 
these partners to publish a new plant-growing list, focusing on plants that can thrive 
in warmer conditions. 
Many of these actions to adapt to climate change serve a dual purpose: They also 
reduce greenhouse gas emissions. 
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3.5 Chicago’s Future Projects 
Metropolitan Chicago is one of the world's great economic centers. Chicago has 
abundant natural resources — including a magnificent system of parks, open spaces, 
trails, and waterways — with access to Lake Michigan for drinking water and 
recreation. Chicago has a transportation system that moves people and goods, acting 
as an engine of jobs and prosperity. And the residents constitute a diverse workforce 
that fuels economic development. New economic and environmental realities require 
the region and its communities to set priorities carefully and plan for the future. The 
mission of the Chicago Metropolitan Agency for Planning (CMAP) is to help the 
counties and 284 communities plan together for sustainable prosperity through mid-
century and beyond. 
CMAP is the official regional planning organization for the northeastern Illinois 
counties of Cook, DuPage, Kane, Kendall, Lake, McHenry, and Will.  CMAP 
developed and now guides the implementation of GO TO 2040, metropolitan 
Chicago's first comprehensive regional plan in more than 100 years. To address 
anticipated population growth of more than 2 million new residents, GO TO 2040 
establishes coordinated strategies that help the region's 284 communities address 
transportation, housing, economic development, open space, the environment, and 
other quality-of-life issues. 
The GO TO 2040 Regional Vision states that the region should be a leader in green 
building techniques, the production of green energy, and in providing energy-
efficient transportation options. During the "Invent the Future" phase of public 
engagement for GO TO 2040, participants identified energy reduction as one of the 
four most important indicators to track progress toward achieving the Regional 
Vision, along with regional economy, transportation choice, and land consumption. 
Climate scientists estimate that a 50-85 percent reduction below 2000 global 
greenhouse gas emissions by 2050 is needed to reach an atmospheric concentration 
of greenhouse gases at 445-490 ppm and stabilize the climate at 2.0-2.4 degrees 
Celsius above pre-industrial temperatures (B. Metz, et. al. (Eds.), Climate Change 
2007: Mitigation. Contribution of Working Group III to the Fourth Assessment 
Report of the Intergovernmental Panel on Climate Change, Intergovernmental Panel 
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on Climate Change, 2007). In figure 3.27 Chicago’s future adaptation and mitigation 
strategies can be seen. 
 
Figure 3. 27 : Chicago 2020 proposed mitigation and adaptation strategies (Chicago 
Climate Action Plan Report). 
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For Chicago to achieve an 80 percent reduction below 1990 greenhouse gas emission 
levels by 2050, it must start to take action today, figure 3.28. Because the United 
States has been the largest contributor of greenhouse gas emissions in the world to 
date, it can be argued that U.S. emission reductions should go beyond the global 
average required for climate stabilization. Meeting an interim target of 25 percent 
below 1990 levels by 2020 would move Chicago toward this larger goal. 
 
Figure 3. 28 : Chicago Business as Usual Greenhouse Gas Emissions and Reduction 
Targets (Chicago Municipality). 
The City is embarking on an ambitious building retrofit program, which, when 
brought to scale, will help retrofit 65,000 residential units every year. The program 
plans to retrofit 400,000 residential dwelling units achieving 30 percent efficiency, 
which will save 863 gigawatt-hours of electricity and 235 million therms of natural 
gas for an estimated cost savings of $269 million per year. The program will retrofit 
9,000 commercial and institutional and 200 industrial retrofits achieving 30 percent 
efficiency, which will save 1,525 gigawatt-hours of electricity and 69 million therms 
of natural gas for an estimated cost savings of $219 million per year. 
Energy efficiency also has a broad economic payoff by directly and indirectly 
creating "green jobs" while also having a multiplier effect on jobs elsewhere in the 
economy. In fact, most of the green jobs expected to emerge in the seven-county 
region over the next decade are linked to energy use and efficiency. While estimates 
of direct job creation vary, it is projected that for every $1 million invested in energy 
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efficiency, approximately eight to ten full-time jobs are created, primarily in the 
skilled trades needed to conduct energy audits and install energy efficiency 
measures. 
Efficient urban form is as important as technology and fuel management in reducing 
greenhouse gas emissions, and a directed approach to future development can 
contribute to carbon reductions. “Smart growth” principles encourage dense, mixed-
use, and pedestrian-oriented development. They promote mobility choices—such as 
transit, car sharing, walking and biking—that reduce reliance on automobiles. The 
strategy of transit-oriented design (TOD) promotes smart-growth principles by 
locating compact, mixed-use, walk-able development within a half-mile of transit 
stations, decreasing auto dependency. 
In its 2030 plan, the Northeastern Illinois Planning Commission (now part of 
Chicago Metropolitan Agency for Planning [CMAP]) projects household growth of 
106,243 for the city and 480,614 in the six-county region by 2020. Thus, the suburbs 
will add 374,372 households. The business-as-usual growth scenario assumes 
households will establish themselves evenly across the region, in areas NIPC 
designated residential in 2001. If smart growth and TOD principles were employed, 
and the same households were developed within a half-mile of fixed-guide-way 
transit stations (transit zones) in Chicago and the region, there would be a reduction 
of 0.159 to 0.623 MMTCO2e in Chicago. This range of reductions was calculated 
using the household transportation model published by the Brookings Institution to 
calculate total driving associated with household location. 
Chicago is also pursuing the installation of a Global Building Monitoring System 
(GBMS), which would enable it to control the temperature at more than 500 city-
owned facilities, reducing energy costs by as much as 30-40 percent. Energy 
efficiency audits would be performed at all city facilities and appropriate upgrades 
would be made. 
The Department of Water Management of Chicago is planning to install a 1-
megawatt solar array at the South Water Filtration Plant (figure 3.29). In addition, 
the Chicago Park District is training their union employees on how to install solar 
arrays. This training will allow them to more easily install photovoltaic arrays on 
their properties. Nearly one billion gallons of water are processed on an average day 
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at the James W. Jardine Water Purification Plant in Chicago, Illinois, the largest 
water treatment plant in the world. This plant and the South Water Purification Plant 
serve nearly 5 million consumers in the City of Chicago and 118 outlying suburbs. 
With that volume of water to purify, the chemical treatment process must be as 
efficient and effective as possible. Recently, the Jardine plant needed to change the 
location at which activated carbon is added in order to increase its contact time with 
water. 
 
Figure 3. 29 : South Water Filtration Plant (Url-28). 
Despite the various new technologies that are emerging for solid waste disposal, 
landfilling still remains the most common solution in the northeastern Illinois region. 
The establishment and closure of landfills could pose a potential hazard to ground 
water, due to leachate seepage, and air quality due to gases released. Unless proper 
maintenance and management is sustained for a fairly long time (30 years), public 
health may be compromised as a result. Such management is costly and potentially 
dangerous if faulty. Thus, a safer and more sustainable approach may be minimizing 
the number of landfills constructed and insuring their longevity so as not to continue 
taking viable land for waste disposal. It is therefore critical to divert waste from 
landfills through reduction and recycling. 
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The Green Office Challenge is an invitation to property management firms and major 
tenants in the central business district to improve energy efficiency and reduce waste 
through capital improvements and behavioral changes. Monthly trainings will be 
held for tenants and property mangers, as well as a one-on-one technical assistance 
operation. 
The City and the Chicago Transit Authority (CTA) have formed a Transit Oriented 
Development Strategy Workgroup, which meets biweekly to develop plans to 
encourage transit-supportive neighborhoods around existing transit stations. This 
workgroup has identified three priority pilot stations and begun to develop plans to 
improve the transit-supportive nature of their surrounding neighborhoods. The 
workgroup will study both the CTA and Metra rail systems in order to develop 
station typologies and classify every rail station in order to determine appropriate 
Transit Oriented Development suggestions for each surrounding neighborhood. The 
Regional Transit Authority (RTA), Chicago Transit Authority (CTA), PACE Bus 
and Metra to improve the convenience of transit fare cards. Different fare card 
options will be evaluated in order to make access to regional transit more convenient 
for all potential users. 
The connection between land use and Transportation – which was the impetus 
behind the creation of CMAP itself and which will serve as the theoretical foundation 
and guiding principle of CMAP's Regional Comprehensive Plan – is embodied and 
epitomized in the strategy of improving and increasing opportunities for bicycling in 
individual communities and throughout the region. In conjunction with other non-
motorized modes of travel, a strong commitment to developing bicycling facilities 
and programs offers communities an important and effective way to address many of 
the challenges they face, not only in terms of Transportation mobility and access, but 
also as regards environmental health and the protection of finite natural resources, 
public health and the physical fitness of residents, equitable travel opportunities, 
overall livability, and ultimately, the long-term desirability and sustainability of our 
communities. 
The people of Chicago, as well as businesses and institutions who are not direct 
emitters of greenhouse gases, will be able to immediately contribute to progress of 
the Chicago Climate Action Plan by offsetting the emissions that everyday activity 
creates. Purchasing offsets will help pay for the local reduction measures that are 
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called for in the Chicago Climate Action Plan, such as renewable energy, energy 
efficiency retrofits, collection and destruction of ozone depleting substances, tree 
planting, and methane collection and destruction. The City of Chicago has teamed up 
with the Delta Institute to create the Chicago Offset Fund (COfund), which will 
identify and aggregate offset projects in the Chicago region that are consistent with 
the Climate Action Plan mitigation strategies. By selling Chicago credits through a 
retail site, the Chicago Climate Exchange or other markets, local offset projects will 
be monetized and a revenue stream will be created to implement greenhouse gas 
reduction measures locally. 
According to research by the Regional Economic Applications Laboratory at the 
University of Illinois, the Chicago Climate Action Plan could create hundreds of new 
jobs if local firms take advantage of the opportunity and if there is adequate job 
training for workers. To leverage these opportunities, the City of Chicago formed a 
Steering Committee staffed by the Chicago Jobs Council. The steering committee 
commissioned the Center for Urban Economic Development (CUED) at the 
University of Illinois at Chicago, the Center on Wisconsin Strategy (COWS) at the 
University of Wisconsin-Madison, and Green For All to report on workforce 
development and training issues that will be central as the City of Chicago pursues 
the Climate Change Action Plan. 
To prepare for the likelihood of more frequent and intense heat waves, the City, 
hospitals and community organizations will work together to update Chicago’s 
emergency response plan, identifying key populations that are most at risk. Further 
research into urban heat islands may identify additional steps to eliminate these hot 
spots. A program to attract innovative new ideas for cooling the city will also be 
launched. 
In collaboration with the Metropolitan Water Reclamation District (MWRD), the 
City will prepare a watershed plan that factors in projected climate changes, the first 
time these changes will be included in a Chicago regional infrastructure plan. The 
City will also collaborate with MWRD and other municipal agencies to find ways to 
use available space – from vacant land to parking lots – to manage stormwater. 
Chicago is adopting an Urban Forest Management Plan to better manage Chicago’s 
existing and future trees. The City, nurseries, developers, and other stakeholders will 
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amend the landscape ordinance and adopt a recommended plant list to reflect 
changes in the Chicago ecosystem. 
In 2001, Bicycling Magazine selected Chicago as the best “big” city (over one 
million people) for bicycling in North America. This recognition was due in large 
part to the success of the Bike 2000 Plan. Prepared in 1992 by the Mayor’s Bicycle 
Advisory Council, the plan has 31 recommendations to encourage bicycling in 
Chicago. Chicago’s roads are clogged with traffic. Motorists spend hours stuck in 
traffic. Tailpipe emissions from automobiles and trucks account for almost half of 
Chicago’s air pollution, contributing to asthma and other respiratory problems 
suffered by more than 650,000 children and adults in Metropolitan Chicago. Inactive 
lifestyles may be contributing to an “obesity epidemic” in Chicago, with more than 
20 percent of the city’s children and 60 percent of the adults overweight or clinically 
obese. Finally, dependence on the private automobile is expensive. Households in the 
Chicago region spend an average of 17 percent of their budgets, or $7,500 per year, 
on transportation. 
These transportation and public health issues create challenges and opportunities that 
bicycling programs can address. Bicycling is a viable means of transportation in 
Chicago. The city is flat and compact, with destinations often nearby. Almost 60 
percent of all trips made by Chicago residents are three miles or less, distances well 
suited for bicycling. 
Preparation of the Bike 2015 Plan began in 2002 when the Chicago Department of 
Transportation retained the Chicagoland Bicycle Federation to help develop the plan. 
Implementation of the Bike 2015 Plan depends on four factors: a commitment by key 
city agencies to implement the recommended strategies; significant and sustained 
funding, particularly by prioritizing bicycle projects in federal transportation grant 
programs; continued political support; and a strong partnership with Chicago’s 
bicycling community. 
“Bikeways” are streets and trails specifically designed for bicycle travel. Bikeways 
help bicyclists feel comfortable riding, whether on streets with heavy motor-vehicle 
traffic or on off-street trails. Surveys consistently indicate that providing bikeways is 
the most effective way to encourage bicycling. The vision of this plan is to establish 
a 500-mile bikeway network in Chicago. This requires the network to be extensive, 
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attractive, and conveniently located. Bicyclists will notice the quality of design, 
construction, and maintenance. They will feel safe and appreciate that city honors 
and welcomes bicycling. 
This plan does not distinguish between bikeways used primarily for transportation or 
recreation. Many routes, which may appear to be primarily recreational, are used for 
transportation, and vice versa. The proposed bikeway network will serve bicyclists of 
all levels and abilities. 
When complete, the network will reach within one-half mile of every Chicago 
resident and every neighborhood in the city. The proposed network expands on the 
300-mile network of bikeways proposed in the Bike 2000 Plan (1992), the 125 miles 
of new bike lanes and 250 miles of signed routes recommended in the Streets for 
Cycling Plan (2000), and the trails identified in the Chicago Trails Plan (2005). The 
following table summarizes the characteristics of the existing and proposed bikeway 
network: 
Table 3.4 : Existing and proposed bikeway network (Chicago 2015 Bike Plan). 
Facility Type     Miles in 2005    Miles in 2015 
Bike Lane     104     150 
Bus/Bike Lane     1     3 
Raised Bike Lane    0     5 
Rush Hour Bikeway    1     5 
Shared Lane Markings    4     22 
Signed Route     155     240 
Bike Boulevard    0     10 
Off-Street Trail    50     65 
Total:      315     500 
Bike lanes and signed bike routes are established on the best streets for bicycling. 
Bike lanes are five or six-foot wide corridors for the exclusive use of bicyclists. They 
are particularly appropriate on collector and arterial streets given their high traffic 
volumes and because these are often the only streets crossing expressways, 
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waterways, and railway lines. Off-street trails are 3 – 4.5 meter wide paths physically 
separated from the road, for use by bicyclists, pedestrians, runners and others. 
Research indicates that providing trails near where people live is one of the most 
effective ways to encourage bicycling. Innovative bikeways enhance the bikeway 
network by introducing new types of bikeways and intersection improvements. 
Innovative bikeways include colored bike lanes, special pavement markings along 
streets too narrow for bike lanes, “bike boulevards” on streets with low traffic 
volumes, and other innovative improvements. Establishing bikeways to priority 
destinations, such as schools, universities, and transit stations, complements the Safe 
Routes to School efforts outlined in the Education chapter and the Bike to Transit 
efforts outlined in the Transit chapter. Another way to encourage bicycling is to help 
bicyclists choose safe, convenient routes. Proposed strategies include providing 
online interactive mapping so that people can develop personalized maps and 
installing bicycle information boards at appropriate locations. Bikeway maintenance 
is necessary to provide safe, comfortable riding conditions. Enhanced maintenance of 
bikeways is proposed, including: regular inspections, sweeping debris, replacing 
striping and signage, repaving streets, repairing potholes, and replacing dangerous 
grates. 
The figure 3.30 is a conceptual proposal for Chicago's Monroe Harbor was designed 
in honor of the great American architect Daniel Burnham.  The proposal is a modern 
interpretation of Burnham's 1909 master plan for Chicago.  In a land locked city, the 
Chicago Eco-Bridge offers an extension of the landscape that would dramatically 
change the face of the city, and perhaps the United States. Eco-Bridge represents an 
opportunity to get back on the international stage.  The concept calls for a slew of 
vertical wind turbines, a multi-use athletic trail, electric trolley line, and a solar-
harvesting observation tower that promises to take full advantage of the city's 
skyline. 
Another project for Chicago is the “Low-Line” which is shown with figures 3.31, 
3.32, 3.33, and 3.34. The Low-Line is a proposed, green walking path beneath the 
train tracks between the Southport Avenue and Paulina Avenue stations. The path is 
enhanced by decorative lighting and native landscaping elements, and will directly 
connect the Southport Avenue and Lincoln Avenue shopping districts. The Chamber 
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has engaged the Chicago Transit Authority (CTA) and local residents to develop and 
refine the strategy, which will become a unique asset to the community. 
 
Figure 3. 30 : Conceptual proposal for Monroe Harbor (Url-24). 
 
Figure 3. 31 : Chicago rail system low line (Url-25). 
The 6-point intersections on Lincoln Avenue are an obstacle to easy pedestrian 
crossings to access both sides of the shopping street. Others, namely the Lincoln-
Ashland-Belmont (LAB) intersection, are extremely dangerous to pedestrians. To 
provide for more comfortable pedestrian environments, the plan advocates for 
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sidewalk and crosswalk enhancements that feature a traffic ‘bean’, or elongated 
roundabout. 
 
Figure 3. 32 : Chicago low line proposal (Url-25). 
The redesign of the Lincoln-Ashland-Belmont (LAB) intersection will include rain 
gardens and pervious surfaces. A viable remedy to alleviate the City of Chicago’s 
overtaxed stormwater system is to increase pervious surfaces throughout the City. 
Rain gardens, planted with drought tolerant, native landscaping would be installed in 
street medians (such as Ashland Avenue) or between the curb and building façades. 
In addition to stormwater capture, native landscaping and rain gardens may also 
increase wildlife diversity. 
Lakeview will embrace and provide for varied forms of sustainable mobility, 
especially bicycle transit. Bicycle usage reduces automobile dependence for local 
residents, thus providing more available on-street parking for potential district 
shoppers. An accommodating biking environment will attract Chicago’s cycling 
community to the district, which will attract bike-related businesses to the area. 
Strategic addition of dedicated and shared bike lanes will help to connect Lakeview 
to Chicago’s overall bike route network. The plan provides for improvements to 
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pedestrian and bicycle infrastructure, including covered bike parking, enhanced bike 
lanes and advocacy for bike sharing. 
 
Figure 3. 33 : Lincoln Avenue – Before (Url-25). 
 
Figure 3. 34 : Lincoln Avenue – After (Url-25). 
The Great Lakes is a vital source of fresh water. Architect Jeanne Gang has proposed 
a solution that would create a barrier between the Mississippi River and Lake 
Michigan, restoring the natural flow of the Chicago River while also helping to 
introduce green infrastructure and revitalize a neighborhood on Chicago’s South Side 
(figures 3.35 – 3.36). She is well-known for her 82-story Aqua tower in downtown 
Chicago and has developed a proposal for the yet-to-be-funded Ford Calumet 
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Environmental Center on Chicago’s far South Side that would be made mostly of 
locally-salvaged industrial materials and will have an artificial wetland to treat 
wastewater. Gang’s current vision to mitigate the invasive species problem was 
inspired by a 2003 summit hosted in Chicago. 
 
Figure 3. 35 : Chicago River (Url-25). 
Under Gang’s plan, a hydrological barrier would create a second waterfront in the 
form of an inland lagoon. Not only would it drastically change the landscape of 
Chicago’s South Side and deter the invasive carp species, but it would also force the 
city to re-think its wastewater treatment system so that cleaned water could be 
returned to Lake Michigan rather than flowing downstream. 
For the moment, Gang’s grand vision remains a concept. For it to take form, US 
Congress must pass legislation that would support the Army Corps of Engineers to 
take action — or perhaps they will they leave this to an architect as well. 
Architecture firm Adrian Smith + Gordon Gill recently completed the investigation 
phase of a massive plan to “decarbonize” Chicago’s Loop. The firm’s goal was to 
assess variables such as the age, use, condition, and energy consumption of the 500 
buildings in this central core area of the city. Carried out in cooperation with the 
Chicago Climate Action Plan, the monumental project calls for a retrofit of half the 
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city’s commercial and residential buildings to result in a 30% reduction in energy use 
by 2020. 
 
Figure 3. 36 : Gang’s Chicago proposal (Url-25). 
The breadth of the initial phase of the Chicago Central Area DeCarbonization Plan 
(figure 3.37) proposes eight key strategies to meet the city’s carbon reduction goals. 
The first, “Buildings,” discourages new construction, and focuses on retrofitting 
existing structures to increase their energy efficiency, raising the value of aging 
building stock and tapping into the potential to transfer excess energy loads back to 
the grid. “Urban Matrix,” promotes residential use of the Loop area by convert 
outdated office buildings into homes, schools and other services. Their “Smart 
Infrastructure” strategy explores energy generation, storage and distribution. 
“Mobility” assesses public transit and connectivity. “Water,” examines resource 
conservation, “Energy” highlights new and existing sources of power, and “Waste,” 
looks at the city’s system for processing, reducing, recycling, and disposing of 
garbage. Lastly, “Community Engagement” outlines ideas for involving the city’s 
inhabitants in the greening process. 
Several concepts were presented with these strategies, such as plans to create a 
below-grade walkway system that would make city pedestrian friendly in extreme 
weather conditions. There was also an idea to use the Loop’s underground tunnels 
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for an air-powered waste disposal system. Extensions for the Chicago River walking 
and biking paths are also called for. 
 
Figure 3. 37 : Chicago Central Area DeCarbonization Plan (Url-25). 
Adrian Smith summarized the plan for the attendees of the Council on Tall Buildings 
and Urban Habitat 2009 Conference last fall. The event, dubbed “Evolution of the 
Skyscraper: New Challenges in a World of Global Warming and Recession,” was the 
perfect place to exhibit the firm’s proposal.  
They also proved that it could be put in action by showing plans for the green retrofit 
for Willis Tower (formerly the Sears Tower). The firm has also included a full 
analysis of the funding resources available to help developers and existing building 
owners defray the cost of green retrofits and other sustainable measures (figure 3.38 
is one of the proposals). In addition, they created a parametric model to be used to 
calculating carbon savings achieved by various changes they are suggesting. 
Parking garages aren't particularly known for their architecture but a new parking 
garage in Chicago is breaking the mold by harvesting power from gusts blowing 
through the heart of the windy city. The street-facing facade of the Greenway Self-
Park features 12 vertical-axis wind turbines that harvest the wind whipping through 
the city streets (figure3.39). Designed by HOK, the wind-powered garage also 
features rainwater collection, electric car plug-in stations and placards throughout the 
garage to educate parkers on sustainable living. 
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Figure 3. 38 : Green roof proposal (Url-25). 
 
Figure 3. 39 : Greenway Self-Park vertical-axis wind turbines (Url-25). 
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Located at the corner of Kinzie and Clark Streets, the wind energy system consists of 
12 paired vertical axis wind turbines, harnessing moving air from the streets. This 
installation is unlike anything that has ever seen before and it takes a really 
innovative approach to building-integrated wind turbines. The renewable energy 
generated from the system goes to power the exterior lights of the garage, and if any 
excess power is generated it gets fed into the grid. 
The 11-story energy-efficient parking garage is seeking LEED certification after the 
developers of the project asked HOK to envision what a “green” parking garage 
would look like. Also included in the project are a rainwater collection system, plug-
in stations for electric vehicles, and a glazed screen external wall that promotes 
natural ventilation. The elevator lobby of each floor also features a way-finding 
system to educate Chicagoans on how to live more sustainably and better protect the 
environment. 
Chicago’s iconic Willis Tower (formally the Sears Tower – figure 3.40) is set to 
become a massive solar electric plant with the installation of a pilot solar electric 
glass project. The high-profile project on the south side of the 56th floor will replace 
the windows with a new type of photovoltaic glass developed by Pythagoras Solar 
which preserves day lighting and views while reducing heat gain and producing the 
same energy as a conventional solar panel.  
The project could grow to 2 MW in size — which is comparable to a 10 acre field of 
solar panels — turning North America’s The project is a collaboration between the 
tower’s owner and the manufacturer to prove the viability of the building integrated 
photovoltaic (BIPV) system, which will also save energy by reducing heat gain and 
cooling costs. The new windows, dubbed high power density photovoltaic glass units 
(PVGU), are a clever hybrid technology that lays typical monocrystalline silicon 
solar cell horizontally between two layers of glass to form an individual tile.  
An internal plastic reflective prism directs angled sunlight onto the solar cells but 
allows diffuse daylight and horizontal light through. The manufacturer claims that 
the vertically integrated solar cells will produce the same amount of energy as 
normal rooftop-mounted solar panels. The product is also a potential breakthrough in 
energy efficiency in glass towers, where solar heat gain is the bane of energy 
efficient design. 
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Figure 3. 40 : Willis Tower. 
Chicago’s another future project is this urban park, located on the fringe of the city’s 
downtown, will certainly give Chicago even more green credits, as seen at figure 
3.41 and 3.42.  
Perkins + Will, the architects behind the design, developed the park to create more 
open space for the city, but the greenway also proves to be a pedestrian-friendly 
gateway that connects the existing downtown to any future development across the 
Kennedy Expressway. 
On the surface, they have simply carved out open space for current and future 
residents of the city, however at closer glance, the architects’ plan for an urban park 
to span the Kennedy Expressway is also a method for resolving the highway barrier 
between the city’s downtown and the neighborhoods directly West of the downtown 
— neighborhoods that would otherwise be disconnected from the city’s East side 
green spaces and famous waterfront. 
Crossing over the Kennedy Expressway to arrive in downtown Chicago, pedestrians 
today encounter the loads of carbon emissions and noise that cars create as they drive 
down the highway. 
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Figure 3. 41 : Urban Park proposal (Url-25). 
 
Figure 3. 42 : Urban Park proposal (Url-25). 
To ameliorate this problem, the architects suggested developing high-rise buildings 
with vertical green elements and wind scoops to facilitate air movement that would 
improve air quality. Plants and trees would also reduce noise level, soak up carbon 
and make the space attractive to strolling visitors. The proposed promenade would be 
located over the Kennedy Expressway directly west of Chicago’s downtown. 
These are the few of the new projects that are developed for making Chicago a 
greener, resilient city. There are many others like solar powered hybrid car stations 
and zero-carbon houses, which should example for other cities. 
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4.  CONCLUSIONS AND RECOMMENDATIONS 
The climate is changing, but these changes appear to be due to more than just natural 
variability. An increasing body of evidence indicates that the climate changes 
occurring here are related to the changes occurring in the climate system throughout 
the world as the result of the human-induced build up of heat-trapping gases in the 
atmosphere. From the range of projections analyzed here, it is clear that a much 
greater degree of change can be expected over the coming century (particularly under 
a higher-emissions future) than has already been experienced to date. It is also clear 
that past emissions have committed the region and the world to a certain unavoidable 
level of global warming over the next several decades. Adaptation to climate change 
will be necessary. At the same time, the worst of the projected changes do not need 
to occur if prompt action is taken to reduce emissions of heat-trapping gases. 
The Pacific Island nation Kiribati has found itself at the epicenter of the global 
climate change debate, as it is one of the first places that will be destroyed if sea 
levels rise as predicted through this century. Kiribati leaders are currently mulling a 
major decision to purchase 6,000 acres of land on Fiji’s main island for $9.6 million 
as insurance against a submerged future. If necessary, they could move their entire 
permanent population of just over 100,000 onto the land in Fiji. The nation is 
composed of 32 atolls and one coral island spread amidst 1,351,000 square miles of 
the Pacific Ocean, some of which have already been affected by salinated soil and 
drinking water due to water level changes. 
Kiribati is located near the international dateline and has islands on both sides of the 
equator. Though ocean levels had only raised slightly so far, the threat of increasing 
storms and changing tidal patterns had just as much effect on the livelihood of 
country’s population. This is a natural result of climate change and now it may be 
forcing a country to relocate. Becoming resilient and not being vulnerable against 
climate change is a priority before facing an outcome like this. 
Resilient cities can be created out of the challenge of peak oil and climate change. 
Cities need peak oil and climate change resilience strategies to guide them through 
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the necessary changes. Most advanced countries have developed highly complex 
scenarios for dealing with terrorism in the past decade. There are also some such 
scenarios for dealing with oil and carbon vulnerability. The scenario, that is 
envisioned, is some cities will respond against climate change and oil peak in time 
and will adapt to avoid collapse. This will be facilitated by sustainable transport 
modes, walk able, mixed-used communities, together with new technologies for 
buildings including renewable energy, which will also be integrated into vehicles. 
The first step is to create a clear plan, to determine what can be done in short, 
medium, and long-term periods. The sooner a start is mage, the easier it will be to 
accommodate adaptation. Climate change is a slow-onset disaster that offers 
communities and nations time to adapt. But this gradually happening might mistake 
some like it is not happening at all. 
Low and middle-income nations also have to start to pay attention against climate 
change, since they could be the ones that will be affected the worst. A large numbers 
of urban dwellers are at the risk from the impacts of climate change. It is important to 
get more attention to avoiding extreme weather disasters. Becoming resilient and 
being able to adapt needs to be driven by local and national governments, with new 
policies they can make new developments suitable for mitigation and adaptation. 
Community based organizations are also a key factor in this process. Local 
governments and community-based organizations need to interact with each other, 
and acquaint residents and businesses about climate change. It would be much easier 
to adapt with an informed community about climate change. 
Adaptation is not possible without knowledge, accountability, better resourced and 
technically competent local authorities who are willing to work well with groups 
most at risk. Well governed towns and cities have populations and economies that 
are resilient to a broader range of shocks and stresses, including the extreme weather 
and other events that can bring disasters that should have been avoided. Well-
governed urban centers should be able to protect their inhabitants from floods and 
storms and ensure a high quality of life through the provision of infrastructure, 
services, and public space, a planning framework and accountability. Planning, land-
use management, and building and land-use standards should ensure residents that 
they are safe and protected. 
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In discussions on climate change during the 1990s, the priority was given to 
mitigation and the lack of attention to adaptation was justified by the hope that 
mitigation would mean that dangerous impacts would be avoided. The limited 
progress on getting the necessary global agreements to reduce greenhouse gas 
emissions over the last two decades suggests that event under the most optimistic 
assumptions there will be a considerable time lag between what is needed and what 
is achieved. As a result, mitigation and adaptation strategies can be listed as below: 
• Strategies for energy efficiency 
o Adjust and adapt buildings with new sustainable technologies and 
energy sources 
o Maintain water 
o Change city’s energy policies 
o Inaugurate guidelines for reformations 
o Use nature as a cooling tool (trees and green roofs) 
• Strategies for clean and renewable energy resources 
o Upgrade power plants  
o Improve power plant efficiency 
o Encourage residential renewable, sustainable power 
o Build renewable electricity 
• Improved transportation options 
o Invest more in public transportation 
o Expend transportation routes 
o Improve facilities for pedestrians and cyclists 
o Provide linkages to existing bike lines 
o Add parking for cyclists and bike-to-transit options 
o Switch to permeable and low solar indexed materials on sidewalks 
and roads 
o Improve access to public transportation 
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o Promote transit-oriented development 
o Switch to clear fuels in transportation 
• Reduced waste and pollution 
o Encourage reuse and recycle 
o Manage stormwater 
• Adaptation 
o Manage heat 
o Use landscape in every space possible 
o Protect and improve air quality 
o Implement green urban design 
o Protect existing nature 
o Engage and inform public, businesses 
Since Turkey is a developing country, there are many opportunities that can be used 
to become resilient. After 1999 earthquake number of new policies has been taken 
into action and a new construction era has began. Every single day a new cluster 
housing project is appearing. First of all, the location of these kinds of projects must 
be chosen precisely, because these projects are usually constructed in areas that are 
extremely big so that cannot be found in cities regular boundaries. As a result to that, 
cities in Turkey are sprawling and in a way that causing people drive more. These 
mass housings also could be constructed with policies that are ruling for greenhouse 
gas reduction and energy efficiency. 
Planting more trees and managing storm water could help making cities in Turkey 
more resilient by local governments. Educating residents, especially young 
generation (and Turkey’s population is young so it is an advantage) is more open to 
change, about water usage and energy saving in their homes would also support 
greener cities and family financials. Switching to solar or wind energy in 
commercial, industrial and residential areas would also help to save money and 
increase resiliency. 
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Even though green roofs appear to be expensive and hard to maintain for some it is 
needed to be recognized that they help carbon dioxide emission reduction, improve 
esthetics and raise value of the buildings. 
Composting food scraps, decreasing methane generating waste landfills and diverting 
people to recycling are also some of the resiliency strategies of Chicago that can also 
be applied in every city. 
Transportation is probably the major problem that causes carbon dioxide emissions 
and it is also one of the leading problems of Istanbul, which is the highest populated 
city of Turkey. Improved quality, more convenient, and better route planned public 
transportation could lead residents to switch from driving private cars to public 
transportation. However, this could only be done if the residents are convinced that 
they are saving money, time by riding clean and secure public transportation 
vehicles. Also promoting hybrid cars, by offering tax reduction, could lead people to 
switch to green renewable energy. 
It is very clear that; becoming resilient, green and sustainable will not only secure 
future but it will also save money, improve value and esthetics. Many of climate 
change impacts will be, and in some cases already have been felt at the local 
community levels. Local governments have a big responsibility to protect the people, 
property, and resources. Since the long-term economies, subsistence, safety and 
character of their communities at risk, cities are required to use policy tools to 
increase resilience as they prepare for the future. 
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Figure A.1 : Chicago general area map (maps.google.com). 
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Figure A.2 : Chicago Metropolitan Area map (maps.google.com). 
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Figure A.3 : Chicago Loop - downtown area map (maps.google.com). 
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Figure A.4 : Chicago Metropolitan area terrain map (maps.google.com). 
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Figure A.5 : Chicago Loop – downtown area terrain map (maps.google.com).  
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